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PREFACE. 



The need of a book of reference giving brief descrip- 
tions of the various chemicals and other substances 
fhich are employed in the jjaint, colour and varnish 
lea has been expressed to me by many correspon- 
ts. In the following pages I have endeavoured 
satisfy that need with, I hope, some small measure 
of success. As regards the methods of manufacture 
of pigments like white lead, vermilion, chrome yellow, 
isiau blue, etc., I have only briefly referred to 
, and for fuller details I would refer readei"s to 
my Maiimit of Paittt^rs' Colour.'', Oils and Varnishes, 
in which they will find them fully described. In my 
>k on tSoaps will be found an extended account 
the chemistry of oils, and a full account of the 
methods of extraction, and to this book reference 
usefully be made. Although the coal tar colours 
come to the front of late years for the ijrepa 
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VI PREFACE. 

tion of lake pigments, only a brief reference to them 
has been made ; their number is now so great that it 
was quite impossible to note them in detail. Any 
one interested in them will find a detailed account in 
my Dictionary of Coal Tar Colours. 

GEORGE H. HURST. 



Chemical Laboratory, 
22 Blackfriars Street, 
Salford. 

March, 1901. 
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ACCROIDES. 

ACETATES. — A aeriea of eompountlfl derived from iicetic 

liy combination with metallic or other batfea. Many 

8 are valuable industrial Gompournb. They are gener- 

^soluble in water; a few coutaiuing basic oxides, such as 

of copper and iron, are insoluble in water. When 

1 with dilute nulphuric acid they are decomposed and 

^Ttoetic acid is given oH", with the formation of a sulphate of 

the btise. The following acetates are those most uwd in the 

colour induatry:— 




ACETATE OF AMMONIA,— The normal aalt has the 
fonnula NHjO.HjO. : it ia moatly sold in the form of a 
solution in water, and is conveniently made by mixing the 
ordinary Lii^iinr ammonia with acetic aciiL If glacial acetie 
^^acid be employed with the strong liquor ammonia, ab<mt 
^BmbkI volumes are required : a solution of acetate of am- 
^^■oiUA 4$i prepared has a specitic gravity of I'llO. 
^^^■rActtftte of ammonia may be obtained in the solid state, 
^^^B « acetate of ammonia on heating readily passes into 
^^HRvmide, CH^ONH,, the nolid often contains that product. 
Acetate of ammonia is easily soluble in alcohol. The com- 
mercial article may be ailulterated by addition of chloride or 
f-jirbonate or sulphate of ammonia. These may be readily 

Ed by the ordinary tests for chlorides, carbonates or 



2 ACETATES OF LEAD. 

sulphates. Acetate of ammoiiia should completely volatilise 
on heating. 

The proportion of real acetate of ammonia in a com- 
mercial product is best ascertained by determining both the 
acetic acid and ammonia by distillation with sulphuric acid 
and with caustic soda, as described under Acetic Acid and 
Ammonia, 

ACETATES OF LEAD. — Lead combines with acetic acid 
to form one normal and four basic acetates. 

Normal Lead Acetate has the formula, Pb2C.,H30.^ ; when 
pure it forms pearly white crystals, is readily soluble in water, 
and has a sweet taste ; hence this body is often known as 
" sugar of lead ". Acetate of lead is commercially sold in two 
forms, " brown sugar of lead " and " white sugar of lead " ; 
the former is made from the crude pyroligneous acid obtained 
in |the distillation of wood, the latter from ordinary acetic 
acid ; this of couree is the purest form, the brown containing 
some organic impurities. The crystalline salt contains three 
molecules of water of crystallisation. 

Lead acetate dissolves in one and a half times its weight of 
cold water and in half its weight of hot water. The following 
table gives the strength of various solutions of lead acetate : — 

Strength of Solutions of Lead Acetate at 15° C. 



Specific 


Per Cent 


Specific 


Per Cent 


Specific 


Per Cent 


Gravity. 


of Salt. 
1 


Gravity. 
l-()505 


of Salt. 
i 


Gravity. 


of Salt 


l-OOTO 


11221 


16 


10140 


2 


1-0580 


8 


11330 


16 


1-0211 


3 


1-0655 


9 


11560 


20 


1-0283 


4 


10731 


10 


11740 


22 


10366 


6 


1-0891 


12 


1-1928 


24 


1-0430 


(> 


11065 


14 
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ACETATKS OP LEAD, H 

When heated to 280' C. it melts: at slightly higher tem- 
tturee it decoiupoaes, giving off acetone and leaving behind 
sic oxide. Wlien solutions of lead acetate and litharge 
i boiled together, the latter is dissolved, and solutions of 
""Iwric acetates are obtained. These liasic acetates may be 
regarded as compounds of the normal acetate with either lead 
oxide. PbO, or with the hydroxide, PbH.,0.. Several are 
known, of which the following are the moat important: — 
Dibasic Acetate of Lead, Pb2C,H/X. PbRjO^, can be oh- 
_ tajiied hy boiliiiiT -2* parts of litharge in a -solution of 38 
1 of nornidl leiid acetate. 
Tribasic Acetate of Lead, Pb2C,H.,0,, ^PbH.O,, is ob- 
' taiDt^l by boiling 7 pai-ts of litharge in a solution of 6 parte 
tif uiirmal leatt acetate. Thi« basic acetate is sometimes 
known as the siib-acetate, also as Goulard's extract, and it is 
emjiliiyed in pharmacy. 

Sesquibasic Acetate of Lead, 2(Pb2C^HA). PbH.,0,. is 
obtained by heating the normal acetate. 

Bil these basic acetates are readily soluble in water. 
liene solutions have an alkaline reaction. When a current 
rbontc acid gas is passed through thi'm they yield a pre- 
tty of lead carbonate, more or less basic in character, and 
' a solution of the normal acetate. This propeity of 
giving a precipitate with carbonic acid distinguishes them 
from the normal acetate, which does not give one, or at most 
hut a slight one. This property of the basic acetates has been 
taken advaiitage of in the preparation of white lead, 
basic acetate is made by boiling litharge in a solution of tiu 
^^gftrtoal acetate, then the piWuct is treated with carbonic a 
^^■b the white lead thrown down and the normal acetate 
^BBenerated and need over again. Many processes based on 
thin reaction will bi^ found described in llie author's Manual 
'•f Pnintf.ra VuluarK 



4 ACETATE OF SODA— ACETIC ACID. 

Acetates of lead- may be assayed in the manner recom- 
mended by Fresenius. Ten grammes of the sample are 
dissolved in water in a 500 c.c. flask ; 60 c.c. of normal sul- 
phuric acid are then added and the flask filled up with water 
to the mark, an extra 1*3 c.c. being added to allow for the 
volume occupied by the precipitate of lead sulphate. After 
shaking the flask the precipitate is allowed to settle : 100 
c.c. of the clear liquid is taken, boiled and precipitated with 
barium chloride ; the barium sulphate formed is collected, 
washed, dried, ignited and weighed. Its weight multiplied 
by 0'4206 is subtracted from 0*588, which is the weight of 
normal sulphuric acid added to each 100 c.c. of the solution. 
The remainder multiplied by 113*7 gives the percentage of 
PbO in the sample. Another 100 c.c. are then drawn ott* and 
titrated with normal soda, using litmus as an indicator. 
Multiply the number of c.c. of alkali used by 0*06, and 
subtract from this the previously obtained weight of barium 
sulphate multiplied by 0*515 ; the remainder multiplied by 50 
will be the percentage of acetic acid in the sample. 

In the case of the basic acetates, the (juantity of lead 
oxide present in the basic form may be ascertained by pre- 
cipitating with carbonic acid gas, collecting the precipitate, 
washing, drying and igniting until the residue Ls of a bright 
yellow colour, then weighing. This gives the (quantity of 
lead oxide, PbO, in the sample. 

ACETATE OF SODA.— NaC^HyO,, occurs in crystals con- 
taining three molecules of water of crystallisation. It is 
soluble in 2 J its weight of cold water and alx)ut half its 
weight of hot water. It is used only to a limited extent in 
colour making. 

ACETIC ACID HaH^O,, or CH.COOH. This is a mast 

important acid ; it occurs naturally in the juice of many 



ACETIC ACID. 5 

plaut«, either in the free condition, oi" as calcium, or potas- 
Mium acetate ; it also occufk ui the Form of organic acetates 
ill the essentia] oils of many fniits. It ia obtained as a chief 
prcniuct iu the distillation uf wood, the crude acid bein^ 
kuu\vn as pyi-ol igneous acid ; it is also formed duriug the 
scetoa» fermentatioD of wines, or other liquids contaiuiug 
alo^oi, from which it may also be obtained by oxidation 
Pure acetic aoiti is usually obtained by the distilla- 
1 of sodium acetate with sulphuric acid ; for prepaiiuy the 
moner qualities grey calcium acetate ia employed. 
\ Acetic acid is sold in several qualities. 1. Li'juid of 
i (7° Tw.) specific gravity, and containing 25 per cent, of 
tec add. "2. Liquid of 1'0523 U0'4° Tw.) specitic gravity. 
containing 40 per cent, of acetic acid. 3. Acetic acid of the 
Britinh Pkarmiuopieln ; this has a specific gravity of 1-044 
^Tw.l.and contains 33 per cent of acetic acid. 4. Glacial 
i acid, a liquid having a puugeut, acid odour, a specific 
ity of \-05H (11-6' Tw.), and containing yS'S per cent of 
; acid This variety, when cooled down, ei-ystallises in 
, clear, colourless crystals which do not melt until the 
faperature reaches above (JO" F. (i.^S" C). It is from this 
rity of crystallising that this variety derives its name 
Besides these varieties of acetic acid, which are 
EUy more or leas dilute solutions of the real acid in water, 
B are the cruder varieties, such as " wood acid," "' pyrolig- 
B acid," which are occaflioiially sold. 
Acetic acid is a liquid having a strong acid odour and 
p taste : it mixes freely with water in all pi-oportiona and, 
( acid be pure, its strength can easily bL- ascertained by 
ii determination of the specific gravity of its (wlution iu water, 
' hidrmans has constructed the following table of i 
''ravities of aijueous solutions of acetic acid at 
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HCjHjO,. 


Uravity. 


T*iii!.iull. 


HCHjO, 


l-t»007 014 
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1-0623 


12-40 


51 




1-0032 ' 0-44 
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1-0631 


12-62 


62 




1-0037 0-74 
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1-0638 


12-76 


53 




1-O0B2 1-04 
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l-064(i 


1202 


54 




1-0067 l-M 
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1-0653 


13-06 


55 




1-0083 J-iW 




1-0660 


13-20 


56 




1-0098 l-iW 
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1-(NW6 


13'3S 


57 




1-0113 


226 
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1-0673 


13-46 


58 




1-0127 


254 


9 


1-0679 


13-58 


59 




1-0142 


2-84 


10 


1-0686 


13-70 


00 




1-0157 


314 


11 


1-0691 


13-82 


61 




1-0171 


3-42 


12 


1-0697 


IS-IW 


62 




1-0185 


3-70 


13 


1-0702 


1404 


03 




1-0200 


4-00 


14 


1-0707 


U-14 


64 




1-0214 


4-28 


15 


1-0712 


14-24 


65 




1-0228 


456 


16 


1-0717 


14-34 


66 




1-0242 


4-84 


17 


1-0721 


14-42 


67 




1-0256 


0-12 


1« 


1-0725 


Hoil 


68 




1-0270 
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lil 


1-0729 


14-58 


61) 




1-0284 
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1-0733 
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70 




1-0298 


.■.-96 
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1-0737 


14-7-1 
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14-80 
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1-0742 


14-84 


73 




l-0;t37 


ti-74 


24 


1-0744 


14-88 


74 




1-0350 


7-00 


25 


1-0746 


14-92 


75 




l-03i}3 


7-26 


26 


1-0747 


14-94 


7<' 




10375 ' 7-50 




1-0748 


14-96 






1-0388 


7-76 


28 


1-0748 


1496 


78 




1-0400 


8-00 


211 


1-0748 


14-96 


79 




1-0412 


8-24 
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1-0748 


14-96 
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1-0424 


8-48 


31 


1-0747 
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1-0731 


14-62 


87 




1-0602 
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1-0726 


14-52 88 ■ 
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46 
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11-78 
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12-50 
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48 
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U-60 
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ACETIC ACID. 7 

A.08tiG add exerte a solvent action on many metallic oxides 
I forms with tliein acetates, most of which are soluble in 
water ; with some, such as the oxides of lead, copper, iron, and 
a few others, it forms basic acetates, some of which are soluble, 
but otiiers are insoluble in water. Acetic acid is a monobasic 
ifL With alcohoUc radicles, like ethyl, amyl, eta, it forma 
tat«8 which have a pleaHant fruity odour and taste. 
Glacial acetic acid IjoiLs at 118° C, but as acetic acid is 
l«Ule in water vapour, solutions of acetic acid volatilise 
r that temperature in proportion to the amount of acid 
key contain. 

Acetic acid is employed in the colour industry in a variety of 
mtions, as in making white lead, lead acetate, verdigris, etc. 
Aaaay oj Acetic Acid, — If the acid be pure it is aufficieut 
etitnite a known weight with normal caustic soda, using 
nol-phthalein as an indicator, 1 c.c of normal caustic soda 
1 0O6 gramme of acetic acid. If the acid be impure, 
1 s known weight should be distilled and the distillate 
collected. The distillation must not be carried to dryness, 
but should be stopped when a^M>ut three-fourths have come 
over: « little water is then added to the residue in the i-otort 

Kthe distillation again proceeded with ; this process is 
ted once or twice. The distillate is now titrated with 
al caustic sotla, asiug phenol-phthalein as an indicator 
and the ijuaiitity of acetic acid in the distillate calculated by 
the factor given above. Acetates may be analysed in the 
same way, adding a little sulphuric acid to their solution in 
water before distillation. The presence of free sulphuric acid 
may be detected by evaporating a little down in an evaporat- 
ing basin with a small piece of sugar; any blackeuiufj that 
occurs may l>e taken as an indication of its presence. The 
addition of any saline matter may be iletected by a reJiidue 
being left on evaporation. 



8 ACETONE. 

ACETONE — CyH^O, or CH3COCH3. When the acetate^^ 
of lead, calcium or other heavy metals are heated, they ^ve 
off a light, colourless liquid of a peculiar ethereal odour ; this 
body is acetone and has the composition indicated in the 
formula given above. Acetone is found in wood spirit to a 
greater or less extent, dependent upon the wood from which 
the spirit is distilled. 

[^Acetone is a colourless liquid having a peculiar odour. 
Its specific gravity is 0*7994 at 13^ C. It boils at 56° C. 
(133° F.) : it mixes in all proportions with water, ether and 
alcohol. It is a powerful solvent of gums, resins, oils and 
fats. To some extent crude wood naphtha owes its great 
solvent powei-s for resins to the acetone it contains. Acetone 
is sometimes employed in making vaniishes as a solvent. 

Acetone does not dissolve calcium chloride nor is it soluble 
in saturated aqueous solutions of that salt ; consequently, when 
acetone or mixtures of acetone with wood spirit or alcohol are 
shaken up with a saturated solution of calcium chloride, the 
acetone separates out as a layer on the surface of the liquid. 

The quantity of acetone in wood spirit may be ascertained 
by taking advantage of the fact that by the action of 
iodine it is con veiled into iodoform ; 1 or 2 c.c. of the sample 
to be tested is mixed with 10 c.c. of a double nomial caustic 
soda solution, after mixing, there is then added 5 c.c. of a 
solution of iodine in potassium iodide. This solution may be 
made from 264 grammes of iodine and 332 grammes of potas- 
sium iodide dissolved in 1 litre of water. The iodofonn 
separates out as a yellow precipitate ; to the mixture 10 c.c. 
of ether are added, and, after thorough agitation, the mass Ls 
allowed to stand for the ether to separate ; the acjueous layer 
is then drawn off, the ether layer evaporated to expel the 
ether, and the residual iodofonn weighed. 394 parts of iodo- 
form are equal to 58 of acetone. 
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ACIDIMETRY. 

ACIDIMETRY is the name given to the teatingof the actual 
n>riigtlif of commercial acids. It is in general done by a 
■ ■iHmetric process, which depends on the fact that aaiihi 
■vlieti treated with solutions of eodium hydi-oxide (caustic 
~"ila) nrv neutralitied, and that this reactioi^ taken place in 
•lefiiiilc proportions. Fuither, in litmus, methyl orange or 
phenol-phlhalein. we have Ixwjies which are exceedingly 
sensitive to the action of acids and alkalies. Methyl orange 
and litmufi will turn red with the slightest trace of acid, 
while |)henol-phthaiein will show bj' the pi-oduction of a 
red colour th« slighteet excess of the alkali. 

The reactions which occur between cau§tic soda and 
various acidn are shown in the following' chemical ecjua- 
tioits : — 

3NaOH + H.,SO^ - Na„SO, + SH^O 
NaOH + HCl = NaCl + II^O 

NaOH + HNOj = NaNO^ + H^O 

NaOH + HC,H,0. = NaO.Hp^ + H,0 
NaOH + aC^Ji^b., = NaCJ^H^O, + H,0 

ftom these tH|uations we can establish the following 
Bval«iit proportions: 40 parts of caustic so<la (aodimu 
tiiie) are equal to 49 parts of sulphuric acid, or to 
rparte of hydrochloric add, or to R:l parts of nitric acid, 
I parts of acetic acid, or to 282 partis of oleic acid. 
OMTying out the principles of acidimetry there is 
red a aolutioii of caustic soda of known strength : this 
I called a standard solution, and is usually made to contain 
40 grsminefl of actual NaOH in 1 litre (1,000 cubic centi- 
,). 
this solution contains the equivalent weight, 40 
H per litrt!, of sodium hydroxide, it is called a noi-mal 
solution. Occasionally weaker solutions are n-- 
UBUally one containing only 4 giamnics [ht litre. 




10 ACIDIMETRY. 

and this is called a decinormal solution. A seminormal 
solution contains 20 grammes per litre. 

The usual method of testing is as follows : Weigh 
out 5 grammes of the acid, transfer to a 250 c.a gradu- 
ated measuring flask, fill up the flask to the mark on the 
neck with water and shake well. Take out 25 aa by means 
of a pipette, and place in a beaker, add about 1 cc. of 
phenol-phthalein solution. Fill a burette with the standard 
solution of caustic soda. When ready turn on the tap of 
the burette, and allow the solution to drop into the 25 cc. 
of the acid solution, stirring it while doing so. The alkaline 
solution is dropped in until a red colour is obtained, when 
the number of cubic centimetres used are read off on the 
burette. The operation is known as titration. It is advis- 
able to repeat it two or three times and to take the mean 
of the results. 

The number of cubic centimetres of caustic soda used 
are multiplied by the factor according to the particular acid 
which is being tested, and this gives the quantity of acid in 
the 25 cc. taken. The percentage of actual acid in the 
sample can then be easily calculated. 

An actual test of a commercial sulphuric acid worked 
out as follows : 5 grammes were taken, made up to 250 
cc. with water, 25 cc. taken for the test. 

Standard Soda : — 

Second reading . 21-3 

First reading 12-8 



8-5 



8-5 X 0-049 = 04166 
0-5 : 04165 : : 100 = 83-3 

The acid contains, therefore, 83*3 per cent, of actual H^SO^. 
The following factors will be useful in the volumetric 
testing of acids : — 



ALBOMEN. 

I cc normal sodium hydroxide = O-OiS sulphuric acid. 

., = OflSes hydrochloric acid. 

= 0-063 nitric acid. 
„ = O-OiiO acetic acid. 

= 0-2a2 oleic acid. 
„ = 0-284 stearic acid. 



ALBUMEN. — A nitrogenous principle or couipouud of a 
ry complex coiupo'^itioti and structure found in the white 
of cggis, the blood of animab, and in other parts of the animal 
organism. Other bodies of a .-liniilar kind are known as 
occurring in both the animal and vegetable kingdom, which 
ai-K known as lUhwnino'uls. They contain from 50 to -55 per 
cent, of carbon, (iO to 7'5 per cent, of hydrogen, 20 to 24 per 
cent, of oxygen, 15 to \H per cent, of nitrogen and 0'3 to 2 
per cent, of sulphur. ?J<^'arly all contain a small quantity of 
mineral matter, the bulk of which consists of phosphates. 
They dissolve in cold or lukewarm water; when heated these 
Holations undergo coagulation, the albumen changing from a 
more or less liijuid, soluble variety into a solid, inioluble 
variety. Hence, in drying albumen, or in dissolving .solid 
albumen, it is necessary to avoid high temperatures. The 
<nAgulation takes place at tumperaturus ranging from 50° C. 
. I iO' p.) upwards, but varies with the particular kind of 
al'mmen. Commercial albumen comes from two sources, the 
eggs of birds and the blood of animals. These are treated to 
si-parate out the albumen, which is then carefully dried at a 
low temperature to avoid (as far as possible) all chance of 
cwgulation. Albumen comes into the market in the form of 
Hakes, of a pale, yellowish colour, odourless, somewhat hard 
and brittle. On digesting with water it dis-solves, forming a 
thick, glairy solution. From this .TOlution the albumen may 
be precipitated by alcohol, acetic acid, potassium ferrocyanide, 
ba^ic ttcetic of lead and other metallic salts. Millon's reagent 
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iH one of the best of tests for albumen. It is made by treat- 
ing 10 grammes of mercury with 10 grammes of strong nitric 
acid. When the fii-st action is over the mixtuie is gently 
heated until the mercurv is dissolved ; twice the volume of 
water is now added, the mixture allowed to stand for some 
hours, and the clear supernatant licjuid poured oti* from any 
sediment which may have formed : this liquid constitutes the 
test solution. Albuminoids when boiled with this solution 
produce a red colour. 

Albumen solutions are not coagulated on being heated 
with either dihite hydrochloiic acid or dilute caustic soda 
solutions, being converted into a soluble modification. 

Albumen is employed in the colour industry as a vehicle 
for water coloui-s. For such purposes the albumen solutions 
ought to be freshly prepared, as they soon undergo decom- 
position, and give rise to an unpleasant odour. It may be 
employed as a varnish for paper, imparting to that material a 
slight gloss : if the paper be dried at a temperature above 
180" F., after being coated the coat of albumen will be in- 
soluble and the paper rendered somewhat waterproof. 

ALCOHOL.— CH,CH,OH, or C,H,OH. Spirit of wine. 
It is a product of the fermentation of saccharine matters, and 
is produced in large quantities during the fermentation of 
grape and other fruit juices into wines, from which it may be 
obtainetl by distillation, hence its name of " spirit of wine ". 
It is also contained in whisky, rum, brandy and other spirits, 
and in beei-s. Alcohol may be taken as the type of a number 
of bodifs possessing similar properties and named " alcohols " 
by chemists. These bodies possess basic properties, and will 
combine with acids to form salts, " ethereal salts '* as they are 
called, many of which occur naturally in fruits, and impart to 
them their peculiar and characteristic odours and tastea 
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AlcoholB are generally liijuicl bodies, although a few solid 
iilcobols are knowii ; they are rather volatile and possess 
eharacteriatic odours. They have gi-eat Holvent properties. 
The four most important are ; (1) methyl alcohol. CH^OH, 
I'.jund very largely in wood spirit ; (2) ethyl alcohol, CH^OH ; 
■i< amyl alcohol, C^HnOH, or fusel oil, obtained during 
ii.- distillation of whisky; and (4) glycerol or glycerine, 
1-',I4;0H^, the sweet apirit of oils. 

Ethyl Alcohol (spirit of wine) when pure is a eolourlesa 
lifjiii.i, having a specific gravity of 0791 at 20° C, 0-793.5 at 
1.5" C. It boils at lH'-i" C. (173' F.). It poNsessea a plea.sant 
vdour and a sharp, buruiug taute. It is iTiHammable, buiiiing 
with a pale blue lamt>L'nt tlaiue, with little oi' uo luminosity. 
Htixes freely with water in all propoi'tions, and for water it 
.>gT«at affinity, so much ao that it is very difficult to prepare 
"alcohol frtw from water, a circumstance which accountK for the 
iliwnipanciK'4 which oitur lx;tween various authorities as re- 
gards the apeciSc gravity of pure alcohol It has a jwculiar 
actiou ou animal membranes. Alcohol is a powerful .solvent. 
With the alkaline metalH it forms ethoxides. It dissolves the 
hydroxidea of the alkalies, but not, a* a rule, the saltn, such 
the carlmnate, chloride and sulphate. Willi some salts, 
of zinc and calcium, it forms molecular compounds 
ftloohalatea as they are called. It dissolves ft-eely many 
shellac, saiidarach. i-osin. etc., but there ai-e some resins 
limi. copal, kauri — which it will not dissolve. It will dis- 
Baany waxes. Castor oil is completely soluble in alcohol, 
on (ill other fatty oils alcohol exerts but a slight solvent 
and it has little or none on the hydrocarbon oils. It 
ve nearly all the coal tar colours, hence the.se are 
employed to colour spirit varnishes. It mixes freely 
turpentine, ether, chloroform, carbon bisulphide, benzol 
other volatile Iwdies, but not with petroleum spirit. 




It is acted upon by and combineti with anvh. forming 
number of votfttile compoiuids which generally possess t 
ethereal, pleasant oiloiir. 

Alcohol is obtaineil by preparing a wort from malt, barley, 
oats, rye and other farinaceous or saccharine bodies, allowing 
these to ferment, and then separating the spii-it by a proceaa 
of ciistillation. Alcohol in all ita forms is subject to an excial 
duty of IOh. per proof gallon ; what is known as proof spirii 
is alcohol diluted with water to a specific gi'avity of 0'9198^ 
at tiO" F. ; such spirit contains 49 24 per cent, of alcohol. 

Alcohol has many uses : it is employed as a leverage in 
various forms, for prepariiifj many medicinal proiluctfi and 
preparations, in the preparation of essential oils and frui 
essences, in preparing perfumes, in dissolving resins, etc 

It should 1)6 mentioned that the production of alcohol 
very strictly supervised by the excise authorities. 

To determine ijuantitatively the proportion of alcohol 
any alcoholic preparation recoui-se must be had to thi 
minaiiou of its specific gravity^ — no very satisfactory chemii 
test having as yet been devised. The specitic gravity test 
however, alisolutely reliable when only mixtures of alcolu 
and water are being dealt with. By distilling aIcoh< 
preparations, such as wines, spirits, etc., the alcohol is givai! 
oil', and a determination of the gravity of the distillate wi 
give the quantity of alcohol present. This of course awumi 
that all the volatile matter is alcohol, but this is far fran 
being the case with many spirituous liquoin, as some cent 
aldehyde, acetone or ethereal ethei-s, all of which are |pi 
ot!' and are reckoned as alcohol in the distillate. Still t)M 
error cannot be much. The usual plan of procedure it 
measure the amount of liquid, to distil until about thi 
fourths of the liquid has come over, to make up the distillab 
with distilled water to the original volume (the temperature 
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Ming at 60' F. exactly), and to take the specitlc 
toy eonvemetit way. Fi-odi thu accompanyiDg 


gravity in 


table the , 


proponion of alcohol in the liquid can be ascertained; — ^^^H 


Table of Specific (Jravity of Alcohol : ^^^| 


Temperatt're 60° F. (IS-S-C). 




"1 




Pereeiitsge 


Percentage 




Perce iiUkb 


Pertentage 


1 


Sl»:illc 


ul Abgoiute 


■>fPruK>f 


Speoifiii 


ofAWIiit* 


of Proof 




-iSlttj. 


AlMhol bj 
Weight^ 


'^^^. 


Gravity. 


Atoohot h)' 

Weight. 


&e^ 


J 


.I7931M 


100 


175'25 


0-829 


8r-58 


160-M8 


iiTiM 


9SHM 


176-18 


0-830 


87-19 


159-77 




ii-r<»5 


99-151 


174 83 


o-h:(1 


S6'81 


159-36 




0-7WJ 


99-29 


174-49 


0-8;i2 


86-42 


168-74 




O-BT 


98-97 


17414 


0-83:1 


86-04 


168-23 




0708 


98-«i 


173-81 


0-834 


8565 


167-71 




ij-jao 


98-S4 


173 47 


0-83.^ 


85-27 


157-78 




n-*n) 


98-03 


17314 


OSHi 


84-88 


156-60 




0-i4tU 


97-70 


17277 


0-837 


84 '48 


16610 




0-802 


97-37 


172-39 


0-838 


84-08 


165-65 




O-WKI 


97-03 


172-02 


U-8382 


84 -UO 


156-45 




)H<M 


9G70 


171-64 


0'839 


8369 


155-02 




Ct«Oo 


96-37 


171-2fi 


0-840 


8331 


134-40 




<M«M 


96-03 


170-88 


0841 


82-92 


153-96 




0-K07 


96ttB 


iro-4« 


0-842 


82-54 


153-4;i 




iiMWt 


96-32 


muKi 


0-843 


82-15 


152-89 




ii'PiM 


M-97 


ie9tii 


0-844 


81-76 


152-34 




OHIO 


MH2 


1B9-20 


0-845 


81-36 


161-78 




OMII 


94 as 


16879 


0-846 


80-JW 


161-21 




tl«I2 


93-92 


168 38 


0-847 


80-54 


150-61 




ilKKi 


93-55 


167 92 


0-848 


8013 


160-00 




08U 


9318 


167 4« 


0-H49 


79-72 


149-38 




omr. 


92-81 


167-00 


850 


79-32 


148-84 




tt-HlB 


92-44 


166-53 


0-851 


7892 


148-27 




o-«17 


92-07 


HW-07 


0-852 


7852 


147-69 




IC818 


91-71 


165-62 


0-853 


78-12 


147-11 




»**19 


91-3B 


1B6-Irt 


0'854 


77-71 


146-51 




0-820 


91<W 


ll>4-74 


0-856 


77-29 


145-89 




n82i 


90-IU 


104-29 


0-85ti 


76-88 


145-28 




OHM 


90-29 


163 'U4 


0-867 


76-46 


144-66 




0823 


89-92 


163-38 


0-858 


76-IH 


144-04 




0-824 


89-54 


162-68 


0-859 


75-69 


143-35 




0«2S 


89-16 


16238 


0-860 


7514 


142-66 




OHW 


»8-7li 


16IW> 


0-861 


74-68 


141-96 




0-827 


8«-3ii 


1111 -32 


0-862 


74-23 


141-26 




thB28 


wim 


IIIO-79 


0-8IW 




140-50 




1 - 




^ 
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Table of Specific Gravity of Alcohol: 
Temperature 60° F. (15*5° C.)—continibed. 



Specific 
Gravity. 

0-864 


Percentage 

of Absolute 

Alcohol by 

Weight. 


Percentage 
of Proof 
Spirit by 
Volume. 


Specific 
Gravity. 

0-893 


Percentage 

of Absolute 

Alcohol by 

Weight. 


Percentage 
of Proof 
Spirit by 
Volume. 

120-42 


73-38 


13996 


61-08 


0-865 


72-96 


139-32 


0-894 


60-67 


119-74 


0-866 


72-52 


138-65 


0-895 


60-26 


119-05 


0-867 


72-09 


137-98 


0-896 


59-83 


11834 


0-868 


71-67 


137-33 


0-897 


59-39 


117-61 


0-869 


71-25 


136-69 


0-898 


58 95 


116-88 


0-870 


70-84 


136-07 


0-899 


58-50 


11611 


0871 


70-44 


135-45 


0-900 


58-05 


115-33 


0-872 


70-04 


134-84 


0-901 


57-63 


114-62 


0-873 


69-63 


134-19 


0-902 


57-21 


113-92 


0-874 


69-21 


133 54 


0-903 


56-77 


11318 


0-875 


68-79 


132-89 


0-904 


56-32 


112-41 


0-876 


68-33 


132-23 


0-905 


55-86 


111-64 


0-877 


67-96 


131-58 


0-906 


55 41 


110-84 


0-878 


67-54 


130-92 


0-907 


54-95 


11003 


• 0-879 


6713 


130-26 


0-908 


54-48 


109-20 


0-880 1 


6670 


129-57 


0-909 


54-00 


108-36 


0-881 1 


66-26 


128-87 


0910 


53-57 


107-61 


0-882 


65-83 


128-19 


0-911 


5313 


106-86 


0-883 1 


65-42 


127-52 


0-912 


52-68 


106-07 


0-884 1 


65-00 


126-85 


0-913 


52-23 


105-27 


0-885 


64-57 


126-15 


0-914 


51-79 


104 50 


0-886 


64-13 


125-44 


0-915 


51-38 


10378 


0-887 , 


63-70 


124-73 


0-916 


50-96 


103-05 


0-888 ' 


63 26 


124-02 


0-917 


50-52 


102-28 


0-889 1 


62-82 


123-29 


0-918 


50-09 


101-51 


0-890 


62-36 


122 53 


0919 


49-64 


100-68 


0-891 


61-92 


121-79 


0-91984 


49-24 ' 


100 


0-892 


61-50 


121-11 









The above table will usually be found suflSciently extensive 
by vaniish makers and other users of alcohol and methylated 
spirit ; more extended tables will be found in Thorpe's 
Dictionary of Applied Chemistry and in Allen's Comtnercial 
Organic Analysis, vol. i., to which reference may be made if 
necessary. 
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I The following gravities are of special interest : — 
Rectilied spirit, " spirit via. reot, " of 

the phaimacopfpia . 0-8389 

56 overproof 0-8373 

61 0-8272 

64 0'H215 

67 „ 0-8152 

'he tal)Ie will be found sufficiently accurate for both 
rit of wine lalcoliol} and methylated spirit. 

The rietection of luethylated spirit when added to any 
aI«>hoiic preparation is by no nieann eaRy, as the properties 
of ethyl alcohol and methyl alcohol are so similar. The 
following methods are available : — 

{(il Miller H Prui-enii : 3 to 4 cc. of the spirit to be tested 
Bre misei) with 25 c.c. of water. 3 grammes of bichromate of 
pota.sh and 2A grammes of sulphuric acid. The mixture is 
allowed to stand for fifteen minutes, then placed in a tlask 
oounected with a condenser and the mixture distilled ; 25 ce. 
aif collecteJ. a slight excea.s of sodium carbonate added, the 
mixture evaporated down until it measures about 10 c.c, and 
Kutficient acetic acid added to give it a feeble acid reaction ; 
line-tenth of a ^amniL' of silver nitrate dissolved in 3 c.c. of 
water is then added and the mixtui-e boiled. A mere darken- 
ing may be disregardi'd, hut if there be a copious brown or 
lii;ick precipitate and a film of silver appears on the sideB of the 
lest glass or tube then the spirit contains methylated spirit. 

(fc) Rfifnolds's Tent. — A test for methylated spirit in alcohol 
depending on the fact that the commercial methyl alcohol 
contoiiui acetone has been deviseil by J. E. Reynolds. This is 
I'.trried out as follows : 200 c.c. of the spiiit are taken and 
"I" c.c. are rapidly distilled off and ililuted with an equal 
volume of water and gently warmed with a little caustic 
]n)tAHli, To the mixture a solution of mercuric chloride is 
■1 
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cautiously added until the precipitate which tirst forma is 
redisHolved : too great an excess of mercuric salt should be 
avoided. The mixture is allowed to stand for a little while 
to allow .'iome of the alcohol to evaporate off, then the mixture 
is divided into two portions : to one is added acetic acid, 
which, if acetone is present, will fjive a bulky precipitate ; 
other portion should be boiled for a few minutes, when, if 
acetone is present, a bulky precipitate will fall down. 

((?) Another plan is also to take advantage of the presence 
of acetone in wood spirit and its action on potassium per- 
manganate : 100 c.c. of the spirit to be te.sted is distilled and. 
the distillate collected in 100 c.c. fractions; to each fractioii' 
1 c.a of a solution of potassium permanganate is added; if 
acetone Ih present the salt will be decomposed in all thft 
fractions, a brown colom'ation being produced. A brown, 
colouration in the first two fractions only may be disru^^arded^ 
as this is probably due to the presence of aldehyde in t 
alcohol. The presence of acetone, and therefore of metlQd 
alcohol, Is inferred from all the fractions giving a broiAt 
colouration. 

The following impurities are sometimes present in com- 
mereial alcohol and methylated spirit : — amy! alcohol or fuael 
oil, which may be detected by placing some of the spirit in ft 
basin and allowing it to evaporate ; if funel oil is present the 
final portions will have the characteristic odour ; mineral and, 
organic impurities of a fixed character may he detected byi 
evaporating some of the spirit in an evaporating l^asin on bha' 
water bath when they will be left behind : their naturu may. 
be ascertained by a subsequent test. On adding water tOj 
spirit which contains oily and resinous matters in solutions 
white turbidity is obtained. Acetic acid, if present, maybft^ 
detected by the spirit having an acid reaction and on allowing: 
some to evaporate the odour of acetic acid becomes jmrceptiblo- 
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Aldehyde is aometimes present in spirit. It causes the latter 
to become brown when boiled with caustic soda and to give a 
precipitate with silver nitrate. See also Methyl Alcohol, 
!ethyltUed Spirit, Wood Naphtha. 



MUok 
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ALIZARINE LAKES, — A series of lake pigments made 
from the coal tar dyestutf alizarine by combining it with 
.^eshly precipitated aluniiua or chromium hydroxide. These 
kes pOHseBS some brilliancy of colour, good colouring power, 
• not much covering power or body. They are (]uite 
~ permanent, in this respect excelling all other lakes. Pure 
alizarine lakes are distinguished by the following tests: 
Strong acids dissolve the metallic base and liberate the free 
alizarine as a brownish-red powder. Alkalies will dissolve 
the lake more or less completely, according to the particular 

Iliaee with which the lake has been made, the solution having 
i.-Unisb-red colour ; on adding strong acids to this the colour 
■ discharged and alizarine is precipitated. 



ALKALIMETRY See under Caustic Soda. 



ALUM. — This important salt is the double sulphate of 
aluminum and potasli, and it has a composition corresponding 
to the formula K,^AI^480,24H,p, and it contains 991 per cent, 
potash (KP). 1084 per cent, alumina (A1A>. 3373 per cent, 
sulphur triozide (SOj), and 45*52 per cent, water. It crys- 
tallises in the shape of clear transparent crystals of an 
octahedral form ; these contain 455 per cent, of water of 
cryatallisation. Alum is soluble in about 18 times its 
weight of cold water, and in less than its own weight of 
boiling water. Its taste is sweetish and astringent. The 
solution in water has a strongly acid reaction. When heated 
it gradually loses its water of crystallisation, and at about 
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392"* F. it becomes anhydrous and nearly insoluble in 
water. 

Alum is made by digesting aluminous earths with sul- 
phuric acid, treating the mass with water, and adding to 
the solution potassium sulphate, after which the alum is 
allowed to crystallise out. 

Alum is used in the paint trade for the manufacture of 
lakes, and for this purpose it ought to be pure and in 
particular free from iron. This impurity used to be very 
common at one time, but now alum is made very free from 
it. When a solution of potassium ferrocyanide is added to 
a solution of alum no blue precipitate or colouration indi- 
cating the presence of iron should be produced. The value 
of alum depends upon the quantity of alumina it contains, 
and this may be determined by weighing out 2 grammes, 
dissolving in water, and then adding ammonia ; this throws 
down a white gelatinous precipitate of aluminum hydroxide. 
This precipitate is collected on a filter, washed, dried, burnt 
in a crucible and weighed in the usual manner. The weight 
obtained givas the weight of alumina in the sample taken. 
By multiplying by 50 the percentage is got. 

Alums. — The characteristic features of alum as noted 
above are that it crystallises in octahedral crystals contain- 
ing 24 molecules of water of crystallisation, and is a double 
sulphate of aluminium and potassium. If in the course of 
preparation sodium sulphate or ammonium sulphate be used, 
then salts are obtained which crystallise in precisely the same 
way as alum, and these are also called alums, and to dis- 
tinguish the three salts the prefixes potash or soda or am- 
monia alum are used. It is found further that the aluminium 
may be replaced by iron or chromium or manganese to form 
double sulphates which all crystallise in the same way and 
have similar formula : thus we may have : — 
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Potassium alum 
Sodium alum . 



Iron alum 
Chrome alui 






K.AU4SO,24H..O 

Na,A\4 80^24 Hp 

(NH,)^AL,4SO,24H„0 

K^Fe„4s6,24H„0 

KjCr,4S0,24Hj0 

IC.M:a.480,24H„0 

Sulphates of Aluminium, 



<ee traimlatiou of Gi 
Inm itml Aiiifii. 
Commercially the term alum is restricted to the potaswimn 
or ammonium aluminium compoumta, and the maker makea 
ODc or the other as it suits hiui. So far as practical work 
is concerned the potasHium, sodiutn and ammonium alums 
give identical results ; the fonner contains the least, 10'84 
per cent., the latter the most, 11 '35 per cent., alumina, but 
the difference is slight. 

Chrome alum is the only one of the other alums that 

colour maker \a at all interested in. 

Aluminium Sulphate. — This pi-eparatiou is now largely 

Use iu colour making. It is a white amorphoits mass 

lUy having the composition 15'4>4 per ceut, alumina 

,0,), 3S-98 per cent, sulphur trioxide (SO,), and 48-58 

ceut of water. The formula i.s AL3S0,18H,U. It is 

freely soluble in water than alum, one part in two 

of cold water, and oti that account is rather preferable 

to alum. It should be free from iron (which can be tested 

for as described above). The amount of alumina it contains 

^Bji» estimated as in the case of alum. 

B. ALUMINA HYDRATE has the formula AI.,H,.0,, It is 
TMmAA as a white powder, which usually contains 98 to 99 per 
Cent, of alumiua hydroxifle, better known as alumina hydrate. 
It is fairly easily soluble in acids without leaving any residue, 
the solutions being colourless ; from them the hydroxide ia 
reprecipiUited on adrlition of ammonia or the carbonates of 
-Uie alkalies. In the freshly precipitated condition it is 
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1 employed in the preparation of lakes ; it is also employed in 


1 the maDufacture of porcelain to iuereaae the transparency of 


1 the body, and also along with cobalt to produce blue colours. 


■ AMMONIA.— The valuable commercial article. liquor am- 


monia, is really a solution of the gas ammonia in water. 




Specific Gravitie-s op Liquor Ammonia. 1 




specific; 


Per Ueut. 


SpetiHt- 


Prr Cent. 


Specific 


PwCmt. 




Cirarity, 


NH,. 


ttravity. 


KH,. 




NH* 


0-8844 


36-0 


0-8976 


30-0 


0-9133 


24-0 




0-8848 


35-8 


0-8981 


298 


0-9139 


as-8 




0-8852 


36li 


0-8986 


29-6 


0-9145 


23-6 




08856 


35-4 


0-8991 


29-4 


0-9150 


33-4 




0-88UU 


35-2 


0-8996 


29-2 


0-9156 


23-2 




0-8864 


35 IJ 


0-9001 


29-Cl 


91G2 


23-0 




0-8868 


34-8 


0-9006 


28-8 


0-9168 


23-a 




0-8872 


34-0 


0-90U 


28-6 


0-9174 


22-6 




0-88T7 


34-4 


0-9016 


28-4 


0-9180 


234 




0-8881 


34-3 


0-9021 


28-2 


0-9185 


324 




0-8885 


34-0 


0-902f. 


28-0 


0-9191 


28-0 , 






33-8 


0-!W31 


27-8 


0-9197 


zi« 




0-88!W 


33-6 


0-9036 


27-6 


0-9203 


21-6 




0-8893 


33-4 


0-9041 


27-4 


0-9209 


81-4 




0-8i)03 


33-2 


0-9047 


27-2 


0-9215 


ai-s 




0-890T 


33-0 


0-9052 


27-0 


0-9221 


21-0 




0-8911 


32-8 


0-9057 


26-8 


0«327 


3I>« 




0-8916 


32-fi 


0-9063 


266 


0-9223 


20-6 




0-S!120 


32-4 


0-9068 


26-4 


0-!l239 


ao4 




0-8025 


32-2 


0-9073 


26-2 


0-9245 


20-2 




0-89211 


32-0 


0-9078 


26-0 


0-9251 


a(w 




0-8934 


31-8 


0-9083 


25-8 


0-9257 


19-8 




0-8938 


31-6 


0-iW8it 


25-6 


0-9264 


19-6 




(1-8943 


31-4 


0-!H)!l4 


254 


0-0271 


19-4 




0-8948 


31-2 


0-9100 


352 


0-9277 


19-a 




0-8953 


31-0 


0-9106 


25-0 


0-9283 


194 




0-8957 


30-8 


0-lHIl 


24-8 


0-9289 


1B« 




0-8962 


30-0 


0-9118 


24-6 


0-9296 


18« 




0-8967 


30-4 


0-9122 


24-4 


(I-9302 


IS-i 




0-8971 


30-2 


0-9127 


24-2 


0-9;l08 


18-2 




Ammonia gas is a compound of nitrogen and hydrogen inl 


the proportionH by voliune of 1 of the former to 3 of thaV 


latter, or by weight 14 parts of nitrogen to 3 parts of hydJt^w^ 



ll» chemicjil formula in NH^. It in characteriseti by possessing 
a atrou^ aofl pucullar odoiu-, with an irritating eHeet on tlie 
uoBtriLs ami eyes, and by this means it is readily detected 
Ainiuonia gas is readily soluble in water, 1 volume of the 
latti?r taking up 1,050 volumes of the gas at the freezing 
point ; but tlie solubility i-apidly decreases, and at 77" F. only 
536 volumea are taken up. A saturated solution at 60° F, 
contains 0'582 of its weight of the gas. The liquor ammonia 
of commerce is prepared by Jieating various amraoniuin com- 
poiiml.s with quicklime and passing the evolved ammonia gas 
into water. The absorption of the ga.s increases the volume 
of the liquid so that the gravity of liquor ammonia is less 
than that of water. The table after Carius, on the preceding 
page, gives the gi-avities and strenyths of various solutions 
of ammonia. 

The usual strength nohl is known as 8M4 or 20° B., and 
conUiins 36 per cent, of actual ammonia. A weaker ammonia 
of O'BIS or 24° B. is also made coutainiug about 24 per cent. 
of ammonia. 

Ammonia it^ a volatile liquid, and evaporates completely 
away when exposed to the air or boiled. It is a powerful 
base uniting with and neutralising all acids, an<l in doing so 
it forms a series of salts generally called the ammonium or 
ammoniacal salts, many of which, such as the chloride, sul- 
phate, nitrate and carlmnate are of considerable service. 

Liquor ammonia if pure should leave no solid residue 
when evaporated : the presence of carbonic acid may be 
detected by the ad<lition of lime water, a white turbidity 
showing its presence. Chlorine can be detected by neutralis- 
ing with nitric acid, and adding silver nitrate, a white preci- 
pitate of silver chloride shows its presence. Sulphuric acid 
•^detected by adding barium cidoride, when a white precipi- 
of barium sulphate is formed if it be present. The 
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presence of lime is shown by the fonnation of a white 
turbidity on adding ammonium oxalate. Care should always 
be taken when mixing ammonia with acids ; the action is 
very energetic, and much heat is evolved. 

If the liquor ammonia is pure then the determination of 
its specific gravity is sufficient to ascertain its strength. A 
volumetric test can be made as described under caustic soda 
(alkalimetry), the factor for the calculation being 0'017. 

Ammonia will dissolve many gums and resins. 

AMYL ACETATE. — This substance is being applied to the 
preparation of certain kinds of varnishes as a solvent for gum 
dammar, gum sandarach, gun cotton, pyroxylin, etc. It is a 
colourless liquid, limpid, with a fragrant odour of pears. Its 
specific gravity is 087 74 at 60° F. It boils at 137° C. (280° F.). 
It is slowly volatile on exposure to the air. Is combustible, but 
does not burn very freely. Its chemical formula is C^H^^C^HjO... 
It is prepared by distilling mixtures of amyl alcohol, sodium 
acetate and sulphuric acid. The purity of the sample depends 
upon the purity of the amyl alcohol used, but for use in 
varnish-making these impurities are of little moment. 

AMYL ALCOHOL, C^H„OH, is a member of the paraffin 
series of alcohols. In a crude form it comes largely into 
commerce as fusel or fousel oil, which is obtained in the 
distillation of whisky from potatoes and barley. Several 
isomeric amyl alcohols are known which differ in then* physical 
and chemical properties. Normal amyl alcohol, for instance, 
boils at 187° C, and has a specific gravity of 0*820. Iso-amyl 
alcohol boils at 130° C, and has a specific gravity of 0*81i8. 
This variety is produced during the fermentation of starch or 
cereals, and is, therefore, the principal constituent of fusel oil. 
It is this variety which is of most commercial importance. 
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Foosel or fusel oil is formed, as above stated, duriiiy the 
fermentation of potatoes, barley, eta, for the production of 
spirits. In the separation of the spirituous litjuora it is chiefly 
found in the last portions of the distillate, which are kept 
separate, as the fusel oil, getting into the spirit, would spoil 
its taste. 

Fusel oil is a mixture of ethyl alcohol, normal aud iso- 
propyt alcohols, normal and Lso-butyl alcohols, and normal 
aud iso-aroyl alcohols, together with traces of aldehyde and 
etliers. Its composition will vary from time to time, accorti" 
ing to the care taken in isolating it from the first distillates 
of tlie spirit. 

Fusel oil may be employed in the preparation of varnishes 
«H a solvent. 

Amyl alcohol in obtained from the last ninnings of spirits 
by agitating them with strong brine, separating the oily layer, 
treating this with milk of lime, and then distilling and collect- 
ing apart that portion which passes over between 125" C. and 
140° G. A purer protiuct can be obtaineil by further ti^at- 
ment with milk of lime and distilling between 128" C. and 
132° C. Amyl alcohol is a colourless liquid, having a peculiar 
o<li>iir an<i strong acrid ta«te. It has a specific gravity of 
0-8148, and boils at 128° C. to 132° C. It is soluble in 39 
timed iia volume of water, and this solution has a specific 
gravity of 0!)98, while amyl alcohol dissolves about one- 
eleventh of it« volume of water, and that solution has a 
Jijiecilic gi-avity of 083.T. Amyl alcohol mixes in all pro- 
jKjrtions with alcohol, ether, chloroform, carbon bisulphide, 
jii'troleum ethei'. with which it mixes more freely than does 
'■thyl alcohol ; it is a good solvent for all essential oils, many 
jvsins, iodine, camphor, etc. 

Mixed with strong sulphuric acid in the cold it gradually 
ujmbiiieN with it aud forms amyl sulphuric acid, a reil colour 



being obtained. This product mixes with water and alcoho); 
it is decomposed on heating. Heated with strong acetic acid, or 
an acetate and aulphui-ie acid, amyl acetate is obtained, which 
posaesaes the odour of jargon el le-,s. Heate<i with potaMsium 
bichromate and sulphuric acid, amyl alcohol gives riie to 
valeric aldehyde and valeric acid, which possess a charaeteriati 
odour. Amyl alcohol may be separatefi from contaminat 
ethyl alcohol by shaking it up with water, in which it 
does not diasolve, while the ethyl alcohol is freely miscibl« 
therewith ; the separation is, however, not quite complete. 
An approximate test of the amount of ethyl alcohol in a 
sample of mixed amyl and ethyl alaihols may be made aB 
follows : The sample is taken and shaken in a graduated tube 
with a measured volume of petroleum spirit ; on adding water 
the petroleum apint sepai'ates ; the increase in ita volume is t, 
measure of the amount of amyl alcohol present. 

AMBER. — Amber is a resinous matter which is found 
fossil in a naiTow belt in the greeiisand beds of the cre- 
taceous formation extending from Norfolk in England 
through Holland, the Baltic coasts of Germany, Ruaua, 
Siberia, to America. The quantity found in this country 
is of a very unimportant chai'acter: the great bulk, it' not 
the whole, of the amber of commerce comes fi-om the Baltic 
provinces of East Prussia. ITie tree or trees which yielded 
amber are not known ; some authorities cojisidei- that the 
bulk of it was produced by a tree of the conifei-ous type. 
Most of the Eui-opean supply of amber is washed up by tfae 
waves of the Baltic Sea fi-om deposits which are now snb-; 
merged. In West Prussia there are deposits which are mil 
by a regular system of mining ; shafts are sunk, the mal 
containing the amber is brought to the surface, and is thi 
washed with water, and ]ias.sed through sieves, which retain 
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the amber, but allow the fine earth to pass through. AI- 
thoagh it may be picked up, especially after a storm, on the 
coa--4t6 of Xorfolk, Sutfolk and Estiex, the quantity \b too 
small and the supply too precarious to make it worth while 
to TOllect it. 

Amber ooues into commerce in pieces of varying size 
and colour. That which is mined in usually of an angular 
shape, but that washed up from the aea has a rounded 
sha[>e. In colour it varies very considerably, from a dull 
whitf, through pale yellow to brown and red, while even 
blue- an<l greeu amber is not unknown. ITie commercial 
value of amber depends upon the size and colour ; the largest 
aud palest pieces are the most valuable, and are chiefly used 
lor omamente, pipe mouthpieces, etc. The small and dark- 
coIoiu*d pieces are used tor making vamishea, amber oil. 
etc. where size and cokmr are not of much impoi-tance. 

lu the trade the following are the cliief varieties of amber 
which are recognised : (1) " Shining." pale yellow or greeniah 
in colour, and very bright in appearance : (2) " Bastard," 
opaiiue in appearance, and rather darker in colour ; (3) " Bone 
colour." a dull white in colour, due to the presence of in- 
cluded water, this variety is usually very rich in succinic 
add, and is mostly employed for preparing that substance ; 
(•I) "Agate colour." employed for ornaments; (5) " Impuie," 
thiA variety contains remains of flies and other insects and 
of vegetable matter ; (6) " Cloudy," this variety varies 
somewhat in colour, which is unevenly distributed thi-ough 
Uie pieces; (7) "Transparent," this is clear, but varies con- 
siderably in colour, it is used for a variety of purposes, 
mouthpieces of pipes, etc. 

Amber has a specitic gi'avity of 1*074 to 1094 ; it is 
lolable in water, ammonia, carbon bisulphide, peti-oleum 
rit, benzol, and acetic acid, but slightly soluble in abeolute 
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alcohol, turpentine, ether, chloroform and some essential oils. 
Boiled in either linseed or rape oil for some hours it becomes 
softened and can then be moulded ; on exposure to the air its 
original hardness is gi*adually restored. Its melting point is 
high, from 310° to 320" C. (600° to 615° F.). When subjected to 
dry distillation it gives off a quantity of succinic acid and a 
li(|uid oil, which is known in commerce as amber oil : a solid 
residue is left behind. This solid residue, which has a resinous 
appearance, is soluble in hot linseed oil, chloroform, ether, 
benzol, petroleum spirit and turpentine, but is insoluble in 
alcohol. This property of fused amber, being soluble, is 
taken advantage of in the manufacture of amber varnish, 
for the details of which the reader is referred to the author's 
Manual of Painters Colours, Oils and Va/mishes, 

Amber oil is a pale amber-coloured oil having a specific 
gravity of 0*9606 at 60' F. It has a peculiar odour, and 
has a turpentinous composition. Amber yields about 20 to 
23 per cent, of its weight of this oil, which is employed in 
perfumery and medicine. 

Artificial amber has been made by melting copal resin 
and dissolving it in a small (quantity of turpentine contain- 
ing camphor ; on evaporation of the solvent an amber-like 
resin is left. 

Amber is distinguished by its electrical properties, which 
are rendered evident on rubbing it, its high melting point, 
and its solubility in most solvents : when heated it evolves 
succinic acid, the vapour of which substance has a peculiar 
irritating effect on the throat and excites coughing. 

AMERICAN YELLOW A chrome yellow made with alum 

and barytes in addition to acetate of lead and bichromate 
of potash. See Chrome Yellow. 
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AMERICAN VERMILION ^This is the hasic chromate of 

luail, hnring the fiit-miiia, PbO, PbCrO^. It is better known 

ii.-i Lkrhij Riii. which see. 

ANILINE BLACK is a profluct of the oxidation of aniline 
or t«lui<tiiie, two amido bodies found in coal tar, and pre- 
pareil (>n a large scale from coal-tar products. It has been 
pre jwreil and offered for use as a pigment, but for this pur- 
pose ith use is by no means satisfactory. It has a strong 
action on the oil. does not possess much body, and further, 
it has a strong oxidising action on oils. Hee also Jenninon's 
ytittiufacture of Lake Pigtnente frovi Artificial Cokmrs; 
Bersch's Manufacture of Mineral and Lake Pigments. 

ANILINE LAKES. ^A large number of pigments are now 
l>ri-(iHred from the coal-tar dyes, such as Magenta, Scarlet R., 
Indian Yellow, Patent Blue, etc.. and are sold under a variety 
■ '1' s-peeial names, the Vermilionetten and Royal Reds (which 
■-i-i-i beting perhaps the most familiar. Aniline lakes consist 
of three maJn portions: (1) the base, or, as some prefer to 
Hpt^'sk of it, the diluent, consisting of a body, such as barytes, 
white lead, orange lead, gypsum, zinc white, to which in moet 
ca-sen the covering power and the body of the pigment is due ; 
ii) the coloui-iiig matter forming from 3 to 10 per cent, of 
Ifie actual lake, and on the specific properties of which the 
I'aldur and permanency of the lake pigment depends; and (3) 
rill- precipitant, whose function is to enter into chemical 
(itiiibination with the dye and form with it an insoluble pro- 
duct, the colour lake, the combination of which in a mechanical 
manner with the Itane forms the lake pigmeut. The use of 
iliesH lake pigments is growing, and is likely to grow, as by 
ili'-ir means pigments can be made that caunot he produced 
'i\ other means. The method of making them is fully 
^.ciiased in the author's Manual of Painters' Colours. 
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ANIMAL BLACK. — Under thia name are sold black pig- 
ments employed in making paints and for decolourising 

liijuors, oils, etc. These are made by charring, in closed 
retorts or vessels, animal matter of various kinds, homa, 
skin parings, leather cuttings, hoofs, etc. In making potas- i 
sium ferrocyanide (yellow prussiate of potash) a large ijuan-l 
tity of black, " prussiate char," is made which may also be"! 
regarded as an animal black. These blacks owe their colour J 
to carbon, which they contain in very variable amounts; they I 
often contain water ami some mineral matter, which usually I 
consists of carbonate of lime and phosphate of lime. The I 
following analysis have been made by the author of samples I 
of auimal black : — 1 



Per Cent Per Cent 



Water 

Ash 

Carbon 



28-11 
30-71 

41-18 



36-70 
34-80 
28-50 
( rather excea- 



The proportion of water in these samples 
aive, and will prevent the blacks from being serviceable as oil 
paints, but for making blacking or for decolourising purposes 
they arc ijuite suitable. Bone blacks are also animal blacks; 
tliey are ilescribed under Bone Black. 

ANIMI. — Gum auimi is the name of a resin wiilcb is 
found in fairly large iiuantities in the island of Zonijbar 
and on the adjoining African mainland. It is principdiy 
exported from Zanzibar, although some finds its way to 
England through Aden, Suez, Bombay and other ports. 

Animi is found in two forms, " fossil " and " recent " or 
" virgin " ; of these two sorts the fossil is by far the best and 
is employed in making all the liest coach varnishes ; while 
the recent variety is mostly used locally and in India to make 
inferior varnishes. Both varieties are probably the product 
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of trees: the tree which yielded the foBsil animi ia now 
uuknown, but posaihly it may be the same as that from wliich 
the recent animi is obtained. 

Fossil aniini iw obtained by digging in the sands of the 
coast during the rainy season when the ground is soft ; it ia 
taken by tlie diggers to Zanzibar and sold to the merchaiite, 
who clean it ready for the European raarketw. The surface 
of the resin is covered with a red crust formed by a decom- 
position of the i-esin and an amalgamation with the soil which 
hsB a red colour : on removing this crust one peculiarity of 
animi becomes apparent, the existence of what is called the 
"■ goose skin " ; that is, the surface of the resin is covered with 
a number of small indentations closely resembling the skin of 
a pluckei) goose, whence its name. 

Aiiimi occurs in homogeneous pieces of various sizes ; it ia 
clear and transparent, and of a yellowish to a brownish -yellow 
colour. It often contains the remains of insects, much after 
the manner of the proverbiRl *' fly in amber ". It is hard and 
cannot be scratched by the finger nail ; it breaks with a eon- 
choidal fracture, and the surface.'* have a glossy lustre. The 
3[.>ecific gravity of animi is 1'062 to lOfiS. 

It is nearly insoluble in all the ordinary solvents. Ether 
iias little action, a small portion only passing into solution ; 
petroleum ether causes it to swell up into a white mass, but 
has little solvent action : chloroform partially dissolves it ; 
alcohol causes it to swell In any case long digestion is 
required to bring about any action between the solvent and 
the resin. Boiling caustic soda or moderately strong acids do 
not appear to have any action on animi. 

When animi is distilled it gives ofl'a quantity of brownish 
v.^ipovirs, which, however, disappear when the resin has become 
'juite tiuid. The resin loses -some 20 per cent, in weight, of 
wliich about 2 per cent. Ls water, while the rest consists of a 
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brownish-coloured oil having a specific gravity of 0*908, and 
a strong empyreumatic odour. This oil mixes readily with 
benzene, ether, petroleum spirit and turpentine, but is insoluble 
in alcohol, and has properties which would indicate it to have 
a turpentinous composition. 

The residual resin in the retort, on cooling, sets into hard, 
clear, transparent resin, soluble in benzene, chloroform, petro- 
leum spirit, turpentine, and in hot linseed oil. In ether it 
gives a cloudy solution, while it is insoluble in alcohol. 

Animi has a melting point of 240° C. to 250° C. (450° F. to 
465° F.). 

Animi is employed in the manufacture of the best grades 
of coach varnishes. 

" Recent " or " virgin ' animi is collected direct from the 
trees or picked up off the ground on to which it has fallen 
by the natives, who make a business of collecting animi 
It is said to be yielded by the tree TrachylobiuTn mosanibi' 
conse, but this is open to doubt. The native Arabs call the 
tree " shajar el sandarus," and the resin itself " shakazi " ; but 
different tribes have different names for it. 

Recent animi has a pale colour, a smooth surface and a 
dull appearance ; it is soft and closely resembles gum-arabic 
in consistency. Very little comes into this country, most of 
it going to India, where it is employed in making inferior 
varnishes. 

Resins from other countries have been imported under the 
name of animi, but they are very inferior to the true animi, 
which is only imported from Zanzibar in quality or value as 
varnish resins. Some of these will be found described further 
on. See Demerara Anhni. 

ANNATTO, variously spelled Amotto, Amatto, is a colour- 
ing matter extracted from the fruit capsules of the Bixa 



■ ■r-'dan", ttn everyreen plant growing in the East and West 
Indies and in South America. The colouring matter is present 
in the pulpy mass which auiTounds the seeds, and is extracted 
iiy hniising with water and allowing the mass to ferment. 
The fti|ueoue extract is evaporated until a thick paste is ob- 
tained. The colouring matter is not very freely soluble in 
water, but readily dissolves on adding a little alkali ; the 
solution has bright orange colour ; the otlonr of the aqueous 
decoction is peculiar, while its taste is very bitter. On adding 
acid to either an aqueous or an alkaline decoction, the colour- 
ing matter is thrown down as an or.inge-coloured precipitate. 

The colouring principle of annatto is known as bixin, of 
whicli bitt little is known; to it is assigned the formula. 
C|„H„0.; ; on treatment with alkalies and exposure to the air, 
it absorbs oxygen and passes into a body named Iriirein. 
AnnatUj is very variable in composition. Wynter Blyth gives 
an analysis of a good sample us containing colouiing matter 
'2H-H per cent. ; ash. 225 per cent. ; extractive matter. 245 
per cent, : and water, 24-2 per cent. 

Annatto is employed in dyeing, as also for coloiu-iug butter 
and varnishes. 

ANTIMONY is a very useful metal, found naturally in the 
iiiiiiei-al, stibnite or black antimony, which is the sulphide 
(ji th<- metal, having the formula Sli.Sj ; other minerals con- 
liiiniiig antimony ai-e known. Antimony, to which is as- 
■•ii;ne'l the symbol Sb, has an atomic weight of 120. It is a 
iiright. highly erystalliiie substance, very brittle, and is easily 
^[•■unii into a fine powder. It has a specific gravity of 67 
■ I ii'8. It is perfectly stable when exposed to the air. not 
'"'ing prone to oxiilation. It is not acted upon by dilute 
rtdds : strong hydrochloric and sulphuric acids dissolve it 
with the formation of the chloride and sulphate of antimony. 
8 
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Nitric acid oxidises it to either the trioxide or the peutoxide, 
according to the strength of the acid. Antimony is employed 
in the preparation of certain alloys, type metal (lead, antimony 
and tin), Britannia metal (copper, tin and antimony). It 
enters into the compasition of a few pigments, antimony 
vermilion, Naples yellow, etc. 

ANTIMONY ORANGE is a pigment prepared by passing 
sulphuretted hydrogen gas through a solution of the chloride 
of antimony ; it consists, therefore, of the sulphide of anti- 
mony SboSg. It is a bright orange in colour, voluminous and 
flocculent in character ; it has good body or covering power, in 
consequence of its opacity, and mixes well with either water 
or oil ; it cannot be used with alkaline vehicles, like silicate 
of soda or lime, as these have a decolourising tendency ; it is 
unaltered by exposure to light and air. 

Dilute acids have no action on antimony orange. Strong 
nitric acid decomposes it with the foimation of an insoluble 
white oxide of antimony and sulphuric acid. Boiling hydro- 
chloric acid dissolves it with the formation of the chloride of 
antimony. Caustic alkalis dissolve the pigment, forming 
colourless solutions. 

The following analysis shows the average composition of 
antimony orange : — 

2*20 per cent, of water. 
40*55 ,, ,, sulphur. 
56*99 ,, „ antimony. 

In this case the sulphur is in excess of that required to 
combine with the antimony as sulphide. This excess is pro- 
bably present as free sulphur, and its presence Ls due to 
employing too strong a solution of the chloride in preparing 
the pigment, and is the consequent decomposition of some of 
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the sulphuretted hydrogen. Antimony oranges which contain 
an excess of sulphur in tlieJr composition, are not ao permanent 
Id character as those in which the two elements are present in 
the normal proportions, which are 71*42 per cent, of antimony 
and 28"28 per cent, of aulphur.j 

ANTIMONY VERMILION is a acarlet-red pigment prepared 
from antimony chloride by precipitation with sodium thio- 
-iilphat«. It has a bright venni lion-like colour, and is 
-aaewhat more dense in character than antimony orange. 
In composition and proportion it is identical with the orange 
variety. A sample analysed by the author contained ;— 

4'22 per cent, of water, 
27-10 „ „ sulphur, 
68'67 ,. ,, antimony, 

which shows that this pigment was nearly pure antimony 
sulphide. Both antimony orange and antimony vermilion 
are employed for colouring rubber ; being sulphides they do 
not interfere with the vulcanising of the rubber, while the 
sulphur used in that o])eration has no effect on them. 

ANTIMONY YELLOW is a name often 'given to Naples 
Yf.llow, whicli see. 

ANTWERP BLUE This blue is a light shade blue, for- 
merly in much rerjuest, but now replaced by the Brunswick 
blues. It is probably a mixture of the ferrocyanides of iron 
to which its colour is due], zinc and alumina. Boiled with 
alkalies its blue ojlour is discharged and a brownish residue 
\h left behind; after washing with water this is completely 
soluble in hytirochlorie acid, and gives the tests for iron, 
ivlumiua and zinc. The alkaline solution contains ferro- 
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cyanide of sodium, and after acidifying, will give a blue 
precipitate, with solutions of iron salts. 

ARABIC, a gum much used for its strong adhesive pro- 
perties. See G-ain- Arabic, 

ARSENIC, one of the elementary bodies, has the atomic 
weight of 75 ; to it has been assigned the symbol Aa Arsenic, 
so far as its chemical propei*ties are concerned, lies on the 
border line between the true non-metals, like chlorine and 
the true metals, like copper : it can play the parts of either, 
according as circumstances permit it. Thus it acts like a 
metal in combining with chlorine or bromine, but with 
strong bases like sodium, or even copper, it will enter 
into combination and play the part of an acid. Arsenic is 
a . steel-grey metallic substance having a strong lustre ; it 
has a specific gravity of 562 to 5*96, and is a good conductor 
of heat and electricity. It is very brittle and may be easily 
powdered. By heat it is converted into a yellow vapour, 
which has a peculiar garlic-like odour. When treated with 
nitric acid and other oxidising agents, ai-senic is converted 
into arsenic oxide, As,0.., which combines with sodium or 
other alkali metals to form arsenates. When heated arsenic 
will bum, and is then converted into arsenious oxide, Aa>03, 
which is known commercially as white arsenic. This body is 
soluble in alkaline li<juors, forming the arsenit<\s of the alkali 
metals. The arsenites of the heavy metals, copper, lead, etc, 
are insoluble in water. Scheele's green is an arsenite of copper. 
while emerald green is an aceto-arsenite of copper. 

With sulphur arsenic combines to form two sulphides, the 
arsenic disulphide, As,S.., and the arsenic trisulphide. Aa^Sj, 
both of which occur naturally, the former as realgar, the 
latter as orpiment. Both are yellow in colour and have been 
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itftrtl as pifrmeute; the triaulphifle is rIbo obtaitie'J as a bright 
yifllow precipitate wheii a current of sulphiiretterl hydrojfen 
g&a is pauktrl through a solution of arsenioiis oxide ; it then 
forms iho pigment known as king's yellow. A pentasulphide 
in also known. 

Arsenic in all its forma is exceedingly poisonous, although 
it« degree of activity depends very much upon the peculiar 
idioHjTicraBy of the individuals subjected to its action. There 
are some pei-sons who could not go into a room coloured with 
eme-rald green without being aflected, while on others it 
huH DO effect. It is advisable, however, to avoid the use of 
jiFHenic in pigments and colours as much as possible : arsenic 
products are gradually going out of use. The best test for 
ai-setiic is Marsh's test. It depends on the fact that arsenic 
is cajhible of forming with hydrogen a volatile gas known as 
aRM-niui-etttid hydrogi^n, thi« gas being always formed when 
arsenic compounds are brought into contact with materials 
capable of evolving hydrogen. A small bottle is provided 
with a tightly fitting cork, through which is bored a hole, in 
which is fitted a glass tube drawn out to a jet. In the bottle 
i>* placefl a little water, a tew pieces of zinc and some sul- 
pliuric acid, particular care Iwing taken that the materials 
uhihI l>t- free from arsenic. Commercial zinc and commercial 
sulphuric acid are veiy liable to contain that metal as an 
impurity. Hyibogen will be evolved ; if, after the lapse of a 
fi-w minuttts. to allow the air in the bottle to Iw expelled, a 
light be applied to the end of the glas.s tube, the gas will 
bum with a pali; blue tlarae ; if, now a cold porcelain basin 
1h! pn-ased down for a moment on the flame, the basin will 
not be iliacoloured in any way. Next put in the bottle the 
material to be tested and relight the gas at the end of the 
B tulie. If arsenic be present the gas will burn with a 
kitisb flame, and on pressing the basin on the flame a grey 
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spot will be formed. This deposit is one of metallic arsenic. 
This is a mast delicate test for arsenic, and will show small 
traces of it. There is only one other metal whicli will give 
a similar reaction, and that is antimony. When relatively 
large (jiiantities of it are present then a stain will be formed 
of antimony on the basin under the same conditions. The 
two stains may be distinguished by the fact that the arsenic 
stain is soluble, but the antimony stain insoluble, in a solution 
of bleaching powder. 

ARSENIC ORANGE This is a disulphide of arsenic. 

As^S,. It is found naturally as the mineral realgar, and 
is made artificially by subliming a mixture of araenic and 
sulphur. It has but a slight orange colour, no great colour- 
ing or covering properties, and is now but rarely used as a 
pigment. In its chemical properties it resembles Arsenic 
Yelloic. 

ARSENIC YELLOW or KING'S YELLOW Ls the trisul- 
phide of ai-senic, As,Sy. At one time it was extensively 
used as a pigment, but the discovery of the chrome yellows 
has almost, if not quite, completely displaced it. It is found 
naturally as the mineral orpiment, and is made artificially by 
passing a curi'eut of sulphuretted hydrogen gas through a 
solution of aiTseuious oxide. It is soluble in hydrochloric 
acid to a colourless solution. Caustic soda ili&solves it with 
the formation of a thioarsenate of soda ; on adding acids to 
this solution the yellow is reprecipitated. As a pigment it 
possesses a fair body, but is not ilurable on exposure to light 

ARSENIOUS OXIDE.— This tody is known commercially 
as ai'senic or white ai-senic. It is obtained by the burning 
in suitable furnaces of arsenic vapour and the collection of 
the fumes of oxide so pixnluced in long flues. The oommer- 
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ciul Article is fairly pure, containing but small quniitities of 
impuritien. It is insoluble in water, easily soluble in solu- 
tions of the caustic or carbonate alkalies, forming arRenitea. 
U in «1ho soluble in hydrochloric acid. On heating it ia 
volatilieed, the vapour having the odoui- of garlic, and eaaily 
condensing to the solid form. Arsenic is employed in the 
manufactui'e of Scheele'a emerald and mineral greens. See 
^(■Ifelr's Green, Mineral Green. 

ASPHALTUM.— This substance is chiefly employed in the 
preparation of varnishes, such as black japan. Brunswick 
black. Berlin black, etc. It was originally obtained from the 
shon.'S of the Dead Sea. and hence is sometimes known as 
bitumen of Judea. It is imported from Syria, Egypt, AUmnia, 
South America, Barbadoes, Trinidad and other places. It is 
a blackish -brown solid, breaking with a couchoidal Iracture, 
the surfaces being lustrous. It melts at 100° C. to a black 
lii|aid having a strong, pitcliy Oflour. It is combustible, 
burning with a bright but somewhat smoky Hame. It is 
insoluble in water and in alcohol, not very soluble in turpen- 
tine, but easily soluble in coaUtar naphtha. The specific 
gravity of asphaltnm ranges from TOO to 102. The exact 
chemical composition of asphaltum has not yet been ascer- 
tained. The general assuiuption is that it is allied to 
petroleum and the paraflius. Probably the asphaltum from 
dilferent places would be found to exhibit some differences 
in the same way as petroleums differ from one another. 

Ai'titicial asphaltums have been made by melting or mix- 
ing together rosin, coal-tar, wool and other pitches. These 
are employed in preparing cheaper black varnishes than can 
l)e ubtained from the natural asphaltum. 

AUREOLIN is a pigment prepared almost solely for artists' 
use. It is the double nitrite of cobalt and potassiiun, and 
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possesses a fine yellow colour ; it fades on exposure to light 
and air. 

AZURE BLUE is a name sometimes given to Cobalt Blue. 

AZURITE. — This body is a mineral of a fine blue colour, 
found pretty widely distributed ; sometimes in hard pieces, 
at other times in loose friable masses. It is a basic carbonate 
of copper, containing 25*6 per cent, of carbonic acid, 69*2 per 
cent, of copper oxide and 5*2 per cent, of water, the chemical 
formula being CuH^O.,, 2CUCO3. It is soluble in acids with 
eftervescence. It has been employed in painting under the 
name of Mountain Blue. 

B. 

BARIUM CHLORIDE Chemical formula, BaCl,. It is the 

chloride of the metal barium ; it crystallises in pearly crystals, 
having the composition BaCl.jH.^0, and easily soluble in water ; 
the solution has a bitter taste. Barium chloride passeases 
poisonous properties. It is usually prepared by dissolving 
witherite, the native carbonate of barium, in hydrochloric 
acid, and crystallising out the salt. On heating, it melts, 
but is not decomposed. It is employed in the preparation of 
hlanc Jure (precipitated barytes), and in the preparation of 
lake pigments from coal-tar colours, of which it is one of the 
best precipitants known. 

BARIUM CHROME. — This pigment, also known as lemon 
chrome, is the chromate of barium, BaCrO^ : it is prepared by 
precipitating barium chlori<le with potassium chromate. It is 
not much used as a pigment, as its colouring power is but 
weak, and it has little covering power. It is permanent on 
exposure to the air. 
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BARIUM SULPHATE Chemical formula. BaSO,. This 

iiii|tortaiii compound occura naturally as the rainera] barytea, 
which is very widely ijittused, but is more particularly associ- 
al«'l with lead ores, and is known by the lead miners of some 
localities as " lead bloom," while othera call it " cawk ". It 
It alno generally known as heavy spar, on account of its high 
sjTecJfic gravity. Barytes is found in a great variety of forms, 
sinnetimes as white opaque crystalline masses, at others aa 
colourless crystalline masses, at othei-s in a variegated form. 
It is lar^ly employed att a pigment, for which purpose the 
natural mineral ls grounil and levigated ; it is aLso employed 
as a source for the preparation of other barium compounds. 
It is i^uite insoluble in water, acids and alkalies. It is in- 
fusible an<l not altered on heating. Barium sulphate can also 
f'e prepared by adding sulphuric acid to a solution of a soluble 
liarium salt, like the chloride or nitrate, when it b obtained 
as a lint! white precipitate. ITiis variety is commonly known 
as blaur Jixv, and under that name is largely employed in 
the paper makini; imlustry. The specitic gravity of barytes is 
4-5 to 4-73. 

BARYTES is the name given to the natural sul]iliate of 
hariuii). .See Harium Sulphiiti: 

BEESWAX. ^This, the best knowu of the waxes and 
till' typical representative of that group of substances, is the 
pifMluct of various species of insects belonging to the genus 
"/iw, which are found in every i|uartcT of the globe. The 
irmects secrete the wa-t, and employ it in the con.struetion 
ut" what are called tlie "combs," which are the receptacles in 
which they in summer store the honey on which they live 
diiritig thn winter months of the year, when thei-e are no 
flowers from which tliey may extract their food, The wax 
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is obtained by melting the combs in water, and then allowing 
the molten wax to cool. 

Beeswax has a yellow colour, varying somewhat in 
depth and tint ; it has a pleasant ethereal odour. The 
specific gravity is 0*960 to 0*962. It is insoluble in water, 
softens when slightly warmed, and melts at 68° C. (154'" F.). 
It is soluble in boiling alcohol ; on cooling, a portion of the 
wax is deposited. It is slightly or only partially soluble in 
ether, turpentine and petroleum spirit. Chloroform is the best 
solvent for beeswax. Aqueous solutions of the caustic alkalies 
have little or no action on wax ; when boiled with alcoholic 
solutions it undergoes a kind of saponification. By exposure 
in thin layers to sun and air the colour of beeswax may 
be destroyed, and it is in this way that beeswax is usually 
bleached. Beeswax is a mixture of two bodies, cerotic acidy 
Co,;Hr,3C00H, which is present usually to the extent of 12 
per cent. The other constituent is myricin, which is an 
ethereal body, myricyl palmitate, having the formula 
Cir^HyjCOOCayH^-j, and is present to the extent of 88 per 
cent. 

Beeswax is frequently adulterated ; the most common 
adulterant in use at present is ceresin, which is a semi-refined 
ozokerit ; this body is used because it more closely resembles 
beeswax in its granular appearance than any other sub- 
stance. Besides this, paraffin wax, stearic acid, and other 
bodies have been used for this purpose. 

The best method of testing the purity of beeswax is 
that devised by Hehner {Analyst, vol. viii., 1883, p. 16). 
Three grammes of the wax are weighed out in a flask of 
fair capacity, and heated with 50 c.c. of methylated spirit 
which has been purified by distillation over alkali. When 
a solution has been obtained a few cubic centimetres of an 
alcoholic solution of phenol-phthalein are added, and then 
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tlie mass is titrated with an alcoholic solution of cauHtic 
potash of known strength, the mixture being kept well 
aj^tated while running in the potash solution. The end is 
reached when a permanent pink colouration is obtained. 
The volume of potasli used is read oU', and coiTesponds to 
tlie cerotic acid present in the wax. One cubic eentimeti-e 
of potash of normal strength is equal to 0"41 of cerotic acid, 
the re<iuisit« calculations being made accordingly. Next, 60 
c.c of the alcoholic potash solution are tun in and the mass 
boileil for an hour under a reflux condeuHer, the flask being 
''haken from time to time ; thie causes the sapon ideation of 
iJii: ju^j:i!ieiu ; after being boiled the contents of the flask are 
titrated with standard acid, and the escBStt of potauh used 
determined. From this the ([uantity of potash requirefl to 
saponify the myi'icin is ascertained. One cubic centimetre 
of noiTual potash solution is equal to 0'676 gi'amme of myriciii, 
The composition of pure beeswax has already Iwen given. 
The addition tif cereain or paraffin wax reduces the total 
pota.'ih required for both the acid and the saponitication of 
the myriciu, the 'juantities of these as ascertained amounting 
f J lew than 100. The addition of stearic acid will increase 
the apparent pi-oportion of Cerotic acid, while the addition of 
Japan wax or stearin will increase the apparent proportion of 
myricin. Fiijiu the results which are obtained it will be 
possible to determine the amount and kind of adulteration. 

BENZOIN See Omn H,-nzoin. 

BENZOL OR BENZENE This body is the lightest hydi-o- 

carbon obtained in the distillation of coal tar. During the 
distilUtioii of coal tar a variety of products are obtained, the 

ire and proportion of which vaiy with the kind of tai- 
distilled. The first portion or fraction which comes 
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over is a brown licjuid, having a peculiar odour and a specific 
gravity ranging from 0840 to 0940 ; this is known as first 
TUbnnimjs, It is of a most complex composition, and contains 
hydrocarbons of the paraffin and olefin series in small rjuan- 
tity, but its characteristic constituents are hydrocarbons of 
the benzene series : benzene, C^^H^j, toluene, C-H^, xylene, 
CjjH^,,, cumene, C^Hj.,,- etc In addition it contains small 
quantities of ammonia, aniline, toluidine, phenol, acetic acid, 
etc. This body is purified by first treating it with strong 
sulphuric acid, which separates out the basic constituents 
(ammonia aniline), the olefin hydrocarbons and certain other 
hydrocarbons which are soluble. After separating out the 
acid mass which is formed, the residual liquid is treated with 
a solution of caustic soda, which removes the acid bodies. 
Next the unacted-upon liquid is distilled, when it is divided 
into several fractions : the first, which comes over below a 
temperature of 100° C, is known as benzol; the second, 
which comes over below about 120° C, is known as toluol ; 
while the remainder is run into another vessel to be distilled 
into what is known as solvent naphtha. 

The benzol is redistilled and purified. Commercially, 
several grades of benzol are recognised : " 90's Benzol *' is the 
purest commercial benzol ; when distilled 90 per cent, of it 
distils over below 100° C. ; the great bulk of it is, therefore, 
benzene, while toluene is present to the extent of about 1 2 to 
15 per cent. '* 50 90's Benzol " is the second quality of com- 
mercial benzols ; when distilled it gives ott' 50 per cent, of its 
volume at a temperatiu-e of lOO"* C. ; sometimes a lower 
gi-ade still is met with, " 30's Benzol," of which only 80 [>er 
cent, distils over below 100° C. 

Benzol is employed for the preparation of nitro-benzol or 
mirbane, dinitro-benzol, aniline, etc., all of which are used in 
the manufacture of dyestufis. 
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Benzene when pure is a water-whit*, very limpid liquid, 
of a Jipecitic gi-avity of 0-884, which varies a little with the 
origin of the sample: it hoils at 80" C, a commercial pure 
Itenzene can be ^t. of which 95 to 98 per cent, will distil 
between 80° and 82° C. It is very volatile and hi^rhly 
intlamniable, bui-ning with a bright and smoky flame. It 
is iusoluble in wattir. but readily dissolves in or mixes with 
alcohol, ether, turpentine, petroleum spirit, etc., while it is a 
powi-rfal solvent for oils. fats, resins, etc. It ia employed in 
the making of varuishea on account of its solvent action on 
resins. 

Wlien treated with nitric acid benzene is converted into 
nilro-benzene, C^H^NO^. which haH the odour of essential oil 
of almonds and is hence used as a perfume ; heated with a 
mi.tture of nitric and sulphuric acids benzene ia converted 
into din itro' benzene, which is a solid body much used in the 
manufacture of explosives and as an intermediate product in 
the preparation of coal-tar colours. Alkalies have no action 
on benzene. Sulphuric acid has but little action : it has none 
in the cold, but by long-continued digestion it convertw the 
benzene into benzene sulphonie acid. 0||H.,SO^H, which t'orms 
a Koluble salt with barium. 

Benzol has been adulterated by adding petroleum products 
of various kinds ; this addition may be detected by the 
reduction in specific gravity, by the fact that when treated 
with a mixture of nitric and sulphuric acids the whole of 
the Hample is not converted into nitro products, which are 
heavier than water ; these sink to the lx>ttom when the 
mixture of acid, etc., is poured into water, while the un- 
I'banged petrtileum separates and floats on the surface of 
I hi- water. 

Another plan of detecting petroleum products in com- 
xial beuirole is by means of the boiling {>oints ; benzol 
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will not begin to boil below 80° C, while if any beuzoline haa 
been adtled, the ailulterated sample will begin to boil at from 
65° to 70° 0. On the otlier hand, should petroleum burning 
oil have been added, nearly all the benzol will have coiae over 
below 100° C. while very little, if any, of the added oil will 
have come over ; further, a temperature of something like 
150° to 170° C. must l>e reached before all will have distilled 
over, which is higher than that of any of the commercial 
varieties of benzol. 

Although the presence of added petroleum products to 
benzols is not difficult to detect, yet to ascertain the amount 
with any degree of certainty is very difficult, and there are no 
good methods for doing it ; the test with nitric acirl worked 
out ijuantitatively is about the best. 



BENZOLINE is the name given in this country to a light 
spirit obtained from American petroleum. The crude petro- 
leum is run into tanks, and any dirt allowed to settle oat ; it 
is then allowed to run into large iron stills holding from 
.5,000 to 10,000 gallons, and subjected to distillation, either 
with or without the aid of superheated steam. The portion 
which rirst comes over is collected ; it has a specific gravity 
of 0705, and is known as light naphtha, A second fractioa 
of the distillate, having a gravity of 0'705 to 0*744 is col- 
lected as heavy naphtha. This portion is again distiUed, 
and fractionated into hemoline or benzine and other pr*. 
ducts. The benzoline or benzine is made in several qualities 
having gravities of 0*730 to 0760. It is a limpid water- 
white spirit, taking lire immediately on a flame being applied 
to it. It begins to distil at a temperature ot 65° C, although 
samples vary very much ; heavy benzoliues may be met with' 
which will not distil below 100° C. A sample tested by tiiB 
author distilled at the following rate : — 
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3 per cent, below 70° C. 



12 






75° C. 


24 






80° C. 


30 






85° C. 


49 






90° C. 


55 






95° C. 


66 






100° C. 


72 






105° C. 


81 






110° C. 



92 „ „ 120° C. 

Benzoline is a mixture of hydrocarbons, of low molecular 
weight and boiling points, belonging to the paraffin and olefin 
series of hydrocarbons. These bodies are not acted upon by 
either acids or alkalies in the cold ; when heated with nitric 
acid they undergo a certain amount of oxidation ; hot aqueous 
solutions of alkalies have no action in them. It has little 
action on bromine or iodine. 

Exposed to the air benzoline is completely volatile. It is 
a good solvent for oils, fats, waxes, many resins, etc., and is 
employed in oil refining and varnish making, on account of 
its solvent properties. 

Benzoline closely resembles shale naphtha in its properties 
and composition, and it is difficult to distinguish the two 
bodies. See also Oasoline, Petroleum Naphtha^ Shale 
Naphtha. 

BERLIN BLUE, a name sometimes given to Prussian 
Blive (which see), on account of its having been first made 
by a Berlin colour maker. 

BICHROMATE OF POTASH, commonly known as bichrome, 
is a compound of chromic acid and potash, having the chemical 
formula, K^Cr^O;, which is very much used in colour making 
and in various other chemical operationa It is manufactured 
from chrome iron ore, a mineral containing oxide of iron in 
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combination with oxide of chrome. This mineral is fused in 
a furnace with potash, lime and saltpetre, whereby it is 
decomposed, and chromate of potash is formed. This is 
separated from the oxide of iron and lime by lixiviating 
with water. To the solution sulphuric acid is added whereby 
the potassium chromate is converted into the bichromate, while 
any lime which may have passed into solution is precipitated 
out. On clarifying the liquid and crystallising, bichromate of 
potash separates out in the form of orange red transparent 
crystals of large size. The specific gravity is 2*692. It has 
a peculiarly bitter, metallic taste. It contains 81 '86 per cent, 
of potassium oxide, KoO, and 68* 14 per cent, of chromic acid, 
CrOy. It is but slightly soluble in cold water, 100 parts of 
which will dissolve 4*6 parts at 0° C. It is much more freely 
soluble in boiling water, 100 parts of which will dissolve 941 
parts of the salt. A solution of potassium bichromate at 15' 
C. (60' F.) has a specific gravity of 1032, and contains 649 per 
cent, of the salt. 

When heated it is decomposed, oxygen is evolved, and 
a mixture of oxides of potassium and chromium is obtained. 

Heated with liydrochloric acid gas chlorine is evolved and 
a green solution is obtained, which contains chromium and 
potassium chlorides. Heated with strong sulphuric aci<l 
oxygen is evolved, and a green or violet solution is obtained 
containing the sulphates of chromium and potassium. On 
crystallising this, tine deep ruby crystals of chrome alum are 
obtaine<l. On adding sulphuric acid to a strong solution of 
potassium bichromate, chromic acid separates out in the form 
of deep red crystals of the formula Ch*0.j. Bichromate of 
potash is a powerful oxidising agent, especially in the presence 
of acids ; it will convert anthracene into anthraquinone, alcohol 
into acetic acid, and it exerts an oxidising action on many 
other organic bodies. 
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Potassium bichromate is largely employed iu the manu- 
facture of clirome yellow, chrome orange, and all chrome 
]ii;rment44 ; it is used in woollen dyeing for the inonlanting 
uf Uie Woollen yarns, cloths, etc. ; for dyeing with alizarine 
and similar mordant dyes ; it is used hm a bleaching agent for 
tallow, palm oil, and other fats in conjunction with wulphurie 
acid ; it is employed in tanning leather, and has many other 



BICHROMATE OF SODA, Xa,Ci-,0;. i-* obtained by tnr- 
naciug a mixture of chrome iron ore, noda ash and chalky 
lixiviating the product with water and boiling the solution 

■ li.wn until it crystallises, when yellow crystals of Hodium 

■ hi-oraat* are obtained. To prepare the bichromate from 
tlierte sulphuric acid is added, the sodium sulphate allowed 
im crystallise out, and the solution of sodium bichromate 
■■v[iporat«?d flown to dryness. It can be obtained in the form 
ul' pTystals containing two molecules of water of crystallisation.. 
The commercial bichromate is usually in the form of a coaiMe 
|K.iwder. containing 83 to H5 per cent, of actual bichromate of 
-iida. so that it varies somewhat in quality. It i.s hygroscopic, 
ilpsorbing watei- from the atmosphere and passing into a 
■. rupy solution ; this property is u disadvantage to its use 

lijr various purposes as it greatly increases the difficulties 
i>f storing it. 

iSodium bichromate is very readily soluble in water; 100 

^Htrts of water at 0° C. will dissolve 107 parts of the anhydrous 

BU( ; At 100" C. it will dissolve 163 part« of the salt ; in this 

respect of solubility the sodium compound has a great advan- 

Mge over the potassium compound, but at the same time it 

luakes it more difficult to obtain pure. 

Solutions of sodium bichromate have the following specitJc 
vvitiea according to the i]uautity of salt contained in them :— 
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Per Cent 


Specific 


Per Cent. 


Specific 


Per Cent 


Specific 


Ni4CrA. 


Gravity. 


NaaCrjOy. 


Gravity. 


Na,Cr^. 


Gravity. 


1 


1-007 


18 


1-127 


35 


1-245 


2 


1014 


19 


1134 


36 


1-252 


3 


1-021 


20 


1141 


37 


1-259 


4 


1-028 


21 


1-147 


38 


1-266 


5 


1035 


22 


1-153 


39 


1-273 


6 


1-042 


23 


1-159 


40 


1-280 


< 


1-049 


24 


1165 


41 


1-287 


8 


1-057 


25 


1171 


42 


1-294 


9 


1-064 


2G 


1178 


43 


1-300 


10 


1-071 


27 


1-185 


44 


1-307 


11 


1-078 


28 


1-193 


45 


1-313 


' 12 


1-085 


29 


1-201 


46 


1-319 


13 


1-092 


30 


1-208 


47 


1-325 


14 


1-099 


31 


1-216 


48 


1-330 


15 


1105 


32 


1-224 


49 


l-33() 


1(> 


1-113 


33 


1-231 


50 


1-343 


17 


1-120 


34 


1-238 







Bichromate of soda possesses similar properties to the 
bichromate of potash, is aftected by heat, acids and alkalies in 
exactly the same way, and may be employed for the same 
purposes. 

BISTRE is the name given to a brown pigment prepared 
Yrom the soot of wood fires ; it consists essentially of carbon 
;mixed with some empyreumatic material. It is not much 
vUsed. 

BITUMEN OF JUDEA is the name given to the variety of 
Asphaltum (which see) imported from Syria and the East. 

BLACK ANTIMONY.— The name given to the powdered 
native antimony sulphide Sb^S^. It is a black, shiny powder, 
much employed in medicine and for the preparation of anti- 
mony compounds ; it is soluble in hot hydrochloric acid, with 
the evolution of sulphuretted hydrogen and the formation of 
a solution of antimony chloride. 
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BLACK LAKES are prepared from logwooil by precipi- 
luting a decoction of the dyewood with solutions of copper 
.sulphate and ferrous sulphate or bichromate of potasli. They 
are essentially copper-iron or chi-ome lakes of the colouring 
pnnciple (haeuiatoxyliii) of logwood. They are now almost, 
if not i|uite, obsolete, 

BLANC FIXE is the uaine given to the barium Hulphate 
|irfpart'd arlilicially hy precipitating a soluble barium salt by 
uitaus of sulphuric acid or a sulphate. It is obtained as a 
bye-proiluct in the manufacture of many dyers' chemicals, 
such as alumina sulphocyanide, etc. ; it also enters into the 
composition of some pigments, Orr's white, various lakes, etc., 
Ijcing precipitated along witli the principal or characteristic 
ingredient«. It is a fine white pigment, rather heavy, but 
posHeMsing considerable opacity and covering power ; it is 
exceedingly white in colour. It is employed in paper making, 
pap«r staining and other pui-poses. Its praperties have ali-eady 
detailed under the heading Bariwni Sulphate. 
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BLEACHING POWDER is a compound of lime and chlorine 

prepared b^ passing chlorine gas over dry slaked lime. Its 

chemijM' composition is represented by the formula CaOClj. 

I*it owes its value for industrial purposes to the fact that weak 

. oven carbonic acid, decompose it, with the liberation 

f chlorine, which can then exert its bleaching or oxidising 

The I'eaction is expressed in the following equation 

CaOCl, + a,80, = CaSO, + 01^ + H,0. 

Generally the whole of the chlorine contained in commercial 
lileacliing powder, or chloride of lime, as it is often called, is 
not liberated as free chlorine. As it in only this portion 
which can exert any bleaching effect, it has come to be known 
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as available chlorine^ and good bleaching powder contains 
fi-om 35 to 36 per cent, of it. 

Bleaching powder is more or less soluble in water. The 
following table gives the specific gravity of solutions of various 
gravities : — 

Strength of Bleaching Powder Solutions. 
(After Professor Lunge.) 



specific 


Degrees 


Available Chlorine. 






Gravity. 


Twaddell. 


Grams per 


Graius per 




23-1 


Litre. 


Gallon. 


11156 


71-79 


50253 


11160 


23 


71-50 


5005-0 


11105 


221 


68-66 


4806-2 


11100 


22 


6800 


4760-0 


11060 


21-2 


65-33 


45731 


11050 


21-0 


64-50 


4615-0 


11000 


20 


6117 


4281-9 


1-0950 


19 


58-33 


40831 


1-0900 


18 


55-18 


3862-6 


1-0850 


17 


52-27 


3658-9 


1-0800 


16 


48-96 


3427-2 


10760 


15 


45-70 


3199-0 


10700 


14 


1 42-31 


2961-7 


1-0650 


13 


) 38-71 2709-7 I 


10600 


12 


35-81 


2506-7 


1-0550 


11 


32-68 


2287*6 


10500 


10 


29-41 


2058-7 


1-0450 


9 


26-62 


1863-4 


1-0400 


8 


23-75 


1662-6 


10350 


7 


20-44 


1430-8 


10300 


6 


17-36 


1215-2 


1-0250 


O 


14-47 


1012-9 


10200 


4 


11-44 


798-7 


1-0150 


3 


8-48 


593-6 


1-0100 


2 


5-58 


390-6 


1-0050 


1 


2-71 


189-7 


1-0025 


i 


1-40 


98-0 



The last column is not given by Lunge, but has been 
calculated from the figures in the third column, which also 
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BLUE VF.RniTEH— BONE BLACK. 



rL-jM-estfiit the number of lb. of Hvnilable chlorine in 100 
^lloiiH vt the solution. See Tailfer's Treatise on Bleaching, 

BLUE VERDITER is a liaMJe carbonftte of copper prepared 
by precipitating solutions of copper salta by means of sodium 
carbonate, ami treating the pi-ecipitate with a little caustic 
soda. It is rarely usud now, its place bein^ taken by nltra- 
inarine, cobalt blue and blues prepared from Prussian blue, 
whicb ai% much more permanent. Blue verditer is of a pale 
blue colour, and has very little body and colouring power ; it 
iu not permanent, fading on exposure to light and air, while 
it is liabk^ to alteration by admixture with other pigments. 
It is completely soluble in hydrochloric acid, with some effer- 
\escence. On passing a current of sulphuretted hyilrogen 
i^an, through this solution, a black precipitate of copjwr sul- 
phide will be obtained. The Hltrate from this precipitate 
should give no fui-ther precipitate with ammonia, aunnonium 
sulphide or ammonium carbonate. 

BOILED OIL is the name given to linseed oil which haa 
(»een heated to about 500° F, for some hours along with 
litharge, manganese oxide or other drier. See Linseetl Oil, 

BONE BLACK.— This product is made from bones by 
calcining them In closed vessels in a suitable furnace. During 
the operation some volatile matter is given off, which, when 
condensed, forma an oity product known generally as Dippel'a 
Oil, and having a powerful and somewhat unpleasant odour. 
The residue in the vessel is allowed to cool, and, when cold, is 
ground up either into grains for use in decolourising sugar, 
glycerine, etc.. or into [jowder when it is used as a pigment 
or in making blacking. 

The cotounng principle of bone black is essentially carbon 
derived from the animal matter in the bones ; in addition to 
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the carbon there is also present a large percentage of mineral 
matter, which consists chiefly of phosphate and carbonate of 
lime. The following analysis of three samples of bone black 
will show the average composition : — 

Per Cent. Per Cent Per Cent 
1. 2. 3. 

Water . . . 6-09 7-14 6-65 
Ash or mineral matter 76-67 77*65 73-04 
Carbon . . . 17-24 15-21 20-41 

Of the mineral matter 60 per cent, is phosphate of lime, 
the rest being chiefly carbonate of lime with traces of iron, 
lime and alumina. On being heated to bright redness, the 
carbon in the bone black burns off and the mineral matter is 
left behind; this ought to have a greyish colour, a reddish 
tint indicating the presence of iron. 

Bone black is chiefly used for decolourising sugar, its 
efficacy depending partly on its condition and pai-tly on the 
proportion of carbon it contains, although it is not certain on 
what feature in bone black its decolourising power depends. 

As a pigment it is employed on account of its colour and 
the fact that it mixes freely with vehicles of various kinds. 
In blacking making the colour is important, as is also the 
proportion of mineral matter it contains, as this to some 
extent neutralises the acid employed in the manufacture of 
the blacking and helps to make a more pasty mass. 

An analysis of bone black may be made in the followin;^ 
manner : — 

Moisture. — Two grammes are weighed out between a 
pair of watch glasses and then kept in a hot oven until no 
further loss of weight occurs. Three per cent, is what good 
char for sugar treatment should contain, while for other kinds 
of bone black the moisture may reach 7 per cent. 
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\ Ash or Minertil Matter. — Two gi*atuiiieH are weifjhed into 
erudble anJ then heated over a Bmiaen burner until all the 

carbonaceoUH matter ia burnt off, then the residue is weighed. 

The carbon may be taken by difi'ereiice from the two resulte 

obtained. 

tif H more extended examination is i-eijiiired, then the 
lowing method may be adopted :~ 
Moisture is determined as before. 
For Carhon, Iran, Calcium Sulpkiite and Insoluble Ash. 
Weijfh 2 grammes of the .sample, wliicb haw been previously 
grouiiil t« a tine powder, and heat with hydrochloric acid antf 
water for about half an hour ; the lir[uid is allowed to stand 
and the clear liquor decanted thi-ough a Gooch filter fitted with 
an asbe.'itos plug; the re.sidue in the lieaker is washed witli 
water, the washings being also passed through the crudble ; 
finally the whole is filtered thi-ough the crucible, and its con- 
tents are now placed in a hot aii- oven and dried, when it ia 
weighed ; the inci-eaae in weight over the empty cmcible being- 
the insoluble ash and the carbon. The crucible is now heated. 
to redness and the carbon burnt off, when it is again weighed ;: 
the loss of weight represents the carbon, the difference being- 

IP insoluble ash. 
r The solution will contain ii-on, alumina, calcium chloride, 
Idum phosphate and ciilcium sulphate. Ammonia i« added 
to it until it is nearly neutral, and then ammonium acetate in 
slight excess; when it is boiled there will be obtained a 
precipitate of iron and aluminium phosphates, which is filtered 
off. To the .solution is added barium chloride, which will 

I a pi-ecipitate of barium sulphate if there lie any calcium 
I ate present. This precipitate is filtered off, washed, 
, and after being burned in a crucible, weighed ; by 
iplying the weight by 0-5H'i the equivalent weight of 
im Mulphate is obtained ; if this laxly is present in not- 
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able amount it must have Ir^cii inldeil, as it is 
constituent of bone black. 

The precipitates of iron and ahiiiiiiia phoi^phates may be 
disBolved in a little nitric acid, wonie ammonium iiiolybdate 
added and the mixture boiled, when the pht>spboric aeid ib 
thrown Jowu as ammonium phospho-molybdate which may 
be filtered uH'; to the filtrate caustic soda is added in slight 
excess and the mixture boiled ; it is now filtered, and after 
thoroughly washbig the precipitate of iron oxide which is 
obtainetl, the latter is dried, burned in a weighed crucible 
and weighed. From the filtrate the alumina may be pre- 
cipitated by adding, first, hydrochloric acid, then ammonia in 
slight excetw, filtering, washing, fli-ying and burning ; the 
precipitate of alumina thuH obtained is weighed. 

The calcium carbonate may be determined by ascertaining 
: quantity of carbonic acid in the sample; this may be 
done either in a Lunge's nitrometer or in a eartionic acid 
apimratu.s. 

The ammonium molylxlate precipitate can be dissolved in 
a little hydrochloric aci<l and the phosphoric acid it contains 
precipitate<l as ammonium -magnesium phosphate by adding 
ammonia and magnesium sulphate ; this pi-ecipitate is filtered 
otf, washed with water containing a little ammonia, then 
dried, burnt, and the residual magnesium pyrophosphate 
weighed ; from it the proportion of calcium phosphate in the 
bone black can be calculated. For details of these various 
tests reference should he made to some standard work on 
Quantitative Chemical Analysis. 

The physical condition of the black is as important an, or 
perhapB even more so than, its clieniical composition. The 
bone black for sugar refining should not be too fine. The 
proportion of fine black may he ascertaineil by sieving 
through sievea of a certain mesh. For pigment purix)se» 
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lilt:' black should be fine aud of good coloiiv, which [MjintA may 
Ih; ;iHCe>'taiQed by a comparative exatnination with a standard 
)<an)ple of bone black of good (|uality. 

bune black la sometimes adulterated with cheaper blacks, 
wiich as animal black, lamp black, etc. ; such additions may 
lie detected by their reducing the proportion of mineral matter 
contained in the sample and also alterinfj its composition in 
*i>ine cases. 

Refei-ence may be made to the articles on Aniinal Blacky 
Lamjf Hlaek and other blacks, and to that on Testin;/ 
Puim^nin. See Lambert's Bone Products and. Mavures. 

BONE BROWN) like bone black, is prepared by calcining 
bones, but the process is not carried so far as for bone black. 
In composition it resembles bone hlaek, but contains more 
carVwnaceouK matter. It is not much use<I. 

BORACIC ACID or BORIC ACID This substance is found 

free in nature in mast if not all vulcanic districts. In Tuscany 
thu vapours or gases which are found issuing from the earth 
are charged with the vapour of boracic acid, which is also 
found dissolved in the water of the small lakes which abounil 
ill this district. Boracic acid is also found in the form of 
metallic salts (borates) in many places, the most important 
of the.se salts being tincal ("crude boraxj and boracite, which 
are sodium compounds, and Ix) runs tracal cite, which is a double 
jialt of calcium and sixlium. Crude boracic acid is obtained 
from the gases or so^toni, as thej- are called, of Tuscany, by 
caoBtng them to pass througli water, which dissolves the 
saline matters carried by the gases ; the solution so obtained 
Is then evaporated downi. during which operation some cal- 
cium sulphate and other slightly sohtble salts separate out, 
until a Bpecitic gi-avity of 1'07 is obtained, then it is run into 
crystalling pans, when the boracic add separates out. This 
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boracic acid is far from pure, as will be seen 


From 


the follow- 


in^if analysis : — 

Per Cent. 

Boric acid 765 


Ferric sulphate 

Alutninium sulphate 

Calcium sulphate and insoluble matter 




0-4 
0-3 
lO 


Magnesium sulphate .... 
Ammonium sulphate .... 
Alkaline sulphates .... 
Silica, sulphuric acid .... 




2-6 
8-5 
1-3 
2-7 


Water 




6-6 



The boracic acid is purified by re-solution in water and re- 
crystallisation. Pure boracic acid may also be obtained by 
dissolving 3 parts of borax in 12 parts of boiling water, and 
adding 1 part of sulphuric acid and crystallising it from 
the solution. Boracic or boric acid forms white, tal)ular^ 
pearly looking crystals of small size, which are soft to the 
touch. The specific gravity is 1*434. They are not freely 
soluble in water, 1 part requiring 25*7 parts of water at the 
ordinary temperature, and nearly 3 parts at the boiling 
point. The presence of certain bodies such as tartaric acid 
materially increases the solubility of boracic acid in water. 
It is soluble in alcohol and many oils. The alcoholic solution 
burns with a green flame, especially if a little hydrochloric 
acid be added to it. Heated to 100'' C. boric acid lases some 
of its water, and is converted into metaboric acid, while 
further heating to 160° or 170° converts it into pyroboric 
aci<l, and on heating to a red heat it pai*ts with all its water, 
and is converted into boric anhydride. The relationship of 
these acids is shown in the formulae : — 

Orthoboric acid . H3BQ3 

Metaboric acid . HjBjO^ 

Pyroboric acid . H^B^O- 

Boric anhydride BjOa 
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BORATE OF LEAD— BORAX. fi!> 

fioracic add is employed in glazing porcelain, in the 
manufacture of glass, in the preparation of Guignet's green 
and other pigments, in the manufacture of borax, as an anti- 
septic, and in other ways. 

BORATE OF LEAD i^ employeil us a drier for oils and 
paints. See LfUil Horatf. 

BORATE OF MANGANESE is employed a^ a drier for 
painta and varnishes. See Afitnijiuiene Bonile. 

BORAX. — The most impoi-tant conipouad of boric acid is 
iH)rax, variously named biboratc of soda and sodium diraeta- 
liftrftto. which occurs in prismatic crystals having the fonnula 
Na,B,0-. lOHjO. Borax is made from boric add by adding 
-Mdium carbonate io a solution of it and then ci-ystallising out 
rlie borax which forms. Borax is also obtained fi-om the 
ti^itural iMfrax found in Californtan lakes by re-solution and 
tryslallisation. Borax occur.s in the form of large prismatic 
transparent crystals, as also in the form of powder. It efflo- 
(■■■Hces slightly when exposed to the air. The specific gravity 

1 75. It has a sweet alkaline taste. It is soluble in water 
■ the extent of 3 parts in 100 of water at the ordinary 
temperature, while at the boiling point 100 of water will 
disaolve 200 of borax. The aijueous solution has very slightly 
alkaline properties, and will turn the colour of a solution of 
turmeric brown ; on adding a little sulphuric acid to the 
coloured solution the yellow colour is restored ; an excess 
of sulphuric acid, however, causes the liberation of boric 
acid, which gives a red brown coloiu^tion with the turmeric 
solution. When borax is heated it swells up very much, and 

leu the temperature reaches a red heat it fuses and forms 

^wsy ina.s8. 



(K) BRAZII, wuun. 

Borax pDMHe8Ne8 many curious pi-opei-ties ; ite solutions 
appear to posseruj alkatiiie properties ; it disfiolves shellac. 
formH emulsions with oiln and resins, and dissolves vai 
organic acids like gallic, benzoic, tartaric and citric acid& 
With vnrious metallic salts it yields precipitates of the borates 
of the metals. 

It is employed in the manufacture of pottery, gli 
enamels, in medicine, etc. 

The detection of borax, or of boric acid in any com- 
position into which it enters, is by no means easy. The 
two best tests are the brown colouration which buracic acid 
gives with turmeric and the gi'een colour with which alcohohc 
solutions of boraeic aciil bui-n. 

The compound to be testeil is mixed with sulphuiic acid, 
and the mixture treated with alcohol to extract the boracif 
acid which has been liberated ; on applying a light to th» 
solution it will burn with a green flame, if there be aiyr 
horacic acid in it. The solution will also give a brown rod' 
colouration with an alcoholic solution of turmeric. By dis- 
tilling a mixture of a borate with sulphuric acid and alcohol' 
the boracie acid comes off in the form of a volatile compouadi 
with tlie alcohol, and may be recognised in the diatillatfl 
by the two tests given above ; this reaction may be taken 
advantage of to detennine the amount of boracie acid, ot 
of its couipound.s, present in a mixture. 

BRAZIL WOOD is the wood of a tree known as Civsai 
piuia braziliensis. found growing very largely in Brazil and 
other countries of South America. It is the best variety of 
the red dyewoods, and is employed in dyeing reds on wool 
and other fabrics with the aid of alumina and chronifl 
mordants. It is also employed in the preparation of 
pink for painting. The colouring principle of Biiizil wood 
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!•< a body Hained brmilin, to which the fonnula C,„jH,„0^ 
iiai been {pven. It can be obtained in cryitalH, which are 
-■ihible in water, alcohol, ether, etc. On exposure to the air 
ilii'V absorb oxygen and pass into brazilein. Strong; oxidising 
,ii;ents convert braailin into picric acid. 

Brazilein, C,,^Yl^,fJ-, is pi-oduced by the oxidation of 
hi-azilin, and is a dyestutf dyeing wool and othei" fibres in 
bright sliades superior to those which can be got from the 
■ lyewood itself Brazilin is colourless, and powesses no dyeing 
Kjwer at all ; it is only when oxidised into brazilein that it 
s dyeing properties. 

BREMEN BLUE is a basic carbonate of copper made by 
tcipitattng copper sulphate with sodium carbonate, and 
1 ti-eating the profluct with caustic soda, or by treating 
tallic copper with a solution of salt or ammonium chloride 
reby it is converted Into a basic chlonde of copper, and 
, ti-eating this with caustic sorla. Blue verditer is a 
inilar pigment. Bremen blue is soluble in acids ; on adding 
tnoiiia a deep blue solution is obtained, a reaction which 
P'higlily characteristic of copper. Sidphuretted hydrogen 
JOWB down a black precipitate of sulphide of copper. A 
btioti of potassium ferrocyanide throws down from a 
•al Hohition a brown precipitate of ferrocyanide of copper. 
t liliie is now rarely used. 

BREMEN GREEN is a similar pigment to the Bremen 

tie, and has practically the same properties. It has gone 

It of UHe. 
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BRIGHTON GREEN was the name given to a pigment 

le by grinding together acetate of lead, sulphate of copper 
whiting. It has become ohwolete. 



G'2 BRITISH GUM OR DEXTRINE. 

BRILLIANT SCARLET in the name given to the scarlet 
iodide of mercury prepared by adding a solution of iodide of 
potassium to one of chloride of mercurj'. It is a very bright 
scarlet colour, but is very fugitive. 

BRITISH GUM or DEXTRINE This product is pre- 
pared hy heating starch to fmm 212' to 2T5° C, for some 
hours in iron ih'uiiiH, or by heating starch paste with a little 
acid for some hours ; the former plan ia that which is mostly 
ill use in this countrj-, the latter the one adopted on the 
Continent. By eithei' process a pi-oduct is obtained which 
has a yellow to bl■ow^l colour, and a sweet taste. It is 
soluble in water, fomiing a thick viscid fluid possesang 
strongly adhesive pixiperties, for which reasonx it is mOBt 
valued. Dextrine when pure is quite white, tasteless anj 
inodorous : cotnmei-cial dextrines vary considerably in colour. 
•'White" is of a pale yellow colour. Generally it ia not 
completely soluble in water, leaving a -slight residue of un- 
changed stai'ch ; its solutions give the blue iodide reaction 
chai'aeteristic of starch. It gives a thick viscid soIuUoa 
which does not possess any strong adhesive properti 
" Canary " has a bright yellow colour. It is rather mori 
-soluble than the latter, and does not give a blue coloura- 
tion with iodine ; its solutions have strong adhesive pro* 
perties. This ii the variety of dexti'ine cliiedy used ftw 
gumming paper, etc. " Yellow " dextrine has a dark colour, 
and gives a tliick mucilaginous solution ; it is used only for 
very common purposes. When pure, solutions of dextrinfl 
give only a bi-ownish colouration with iodine, but many o( 
the commercial varieties give a faint blue colour, showing 
that they contain unchanged starch. Boiled with Fehling'i 
solution (tartrate of potash and copper) a red precipitate rf 
cuprous oxide is obtaiued. Dextrine requires about its own 
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weight of water for solution. When dilute solutions are 
boiled for some time they lose their adheeive properties, 
the dextrine having become eoiivei-ted into sugar ; this 
change is hastened if a little acid be addled to the solu- 
tions, the particular varietj' of sugar formed being that 
kuowu as dextrose, which has a reilucing action on Fehling'sJ 
solution. 

Dextriues are used for a variety of purposes, for gumming 
|>a[Mir, envelopes, etc., for medicinal purpoHes, fur thickening 
calico printers' colours, in stiffening crape, lace, etc, fini.shiiig 
cutton. and other uses. Commercial dextrines »honl<l be 
examined for colour, proportion of insoluble matter, thick- 
ni^as or \'ii*cosity and adhesivenesH of the solutions they give, 
the presence of free acid, the absence of mineral matter, the 
proportion of water they contain, to ascertain whether they 
L1-- suitable for the particular use to which they are going 

■ lie put. 

BRUNSWICK CREEN This name used to be applied 

i :t pigment made from oxychloride of copper. It Ls now, 
.-.vev.-r. invariably applied to a mixture of barytes, chrome 
■How and Prussian blue. Brunswick gi-een is made in four 
r iiiilard shades known as "pale." ■■medium," ■'deep," and 

■ \tra deep," varying in tint from a yellow gi-een to a deep 
iue green. It must not, however, be assumed that the 

l.'ep " tint of one maker will correspond with the " deep " 
iirt of another maker. These pigments work well in either 
i i^r water, in the former especially ; they have good body or 
^u.vering i»wer, and strong colouring or staining properties. 
With but few exceptions they can be mixed with all other 
ptguientM without undergoing or bringing about any change. 
ley ought not to be mi.'ced with any pigments containing 
as this may lead to the production of the black 
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sillphido of leail hy acting on the chrome yellow coiitaineif 
in the pijiment. 

Aeidn have little action on the colour, but alkalies turn, 
it red owing to their action on the blue constituent, fomiing 
oxide of iron, and on the yellow, forming the liasic red 
chromate of lead. 

The Brunswick greens are fairly permanent when exposed 
to light and air ; the yellow in them tends to fade souiewhal, 
hut the blue is permanent. 

Brunswick greens- should he assayed for their deptli and 
Iji'illiance of colour, covering power and colouring power by 
the uaual methods. It in rarely that an analyNi» of Bi'una- 
wick greens is required, but when that is the case the follow^ 
ing scheme, described by Browne in the fkcmical AVius, UIj 
December. 18S(3, may be employed : — 

Weigh out 2 grammes of the green and treat with 28 t 
30 c.e. of .strong hydrochloi-ic aci<l at the boil for atx>ut ten 
minutes, then, whilst still hot, filter and wash well witil 
boiling watei', adding the wash watera to the filti'ate. 

The residue consists of barytes and Prussian blue. It 1! 
strongly heated over the Bunsen bui-ner until the blue i 
decomposed anfl a red residue of baiytes and oxide of iroa 
is obtained. This is allowed to cool, and is then weighe<C 
It is next treated with a mixture of nitric and hydi-ochlorif 
ac-ifls, boiled well, then diluted with water and tiltei-ed. 
residue is dried, heated over the Bunsen burner in a weighed 
crucible, and, after being allowed to cool, is weighed. The 
weight of the barytes is thus obtained. The difference i 
the two weights which have been obtained gives the propw 
tion of oxide of iron, and this, multiplied by 2-2] 2. gives th* 
weight of the Prussian bine in the sample. 

The tilti-ate from the blue and barytes first obtained i 
nearly neuti'alised with ammonia, and a cuiTent of sulphuretUd 
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Tiyilrogeii gas is paHaed throujrh. This throws down the lead 
as lead sulphide: the precipitate is collected on a iilter and 
washed, the wdHhinys beiiiff added to th<i tiltrate. The preci- 
pitate^ is treated with strong nitric acid, and boiled down to 
a nniall bulk ; a little sulphuric add i.s then added, and 
the mixturi- heated until acid fumes begin to make their 
Bppearano'. when it is allowed to cool : water and a little 
alcohol is then added, and the mixture filtered ; the precipi- 
(,it« of Icail sulphate which is obtained is then dried and 
widghed. This gives the total quantity.of lead in the sample. 
It may be present both as sulphate and as chmmate. 

Filtrate from the Lead fiulplmte.—Thitt contains the 
'bromitim, and occasionally a little iron. As the method of 
iriiilysis depends upon whether this constituent is present or 
il'-^L-nt, it is necessary to test for it, and this is done by plac- 
iu;; a drop of the liquor on a piece of paper moistened with 
j><)lassium ferrocyanide solution; if iron be present a blue^ 
-lain will Ite produced. In this case the method of working 
i.-* as follows; Boil the solution with nitric acid and potassium^ 
chlorate until a clear yellow solution is obtained, then add 
ammonia to precipitate the iron, Hlter olf, wash, dry and 
weigh. This weight is to be added to that of the ii-on found 
above. Take the filtrate from the iron precipitate, boil down 
to a small bulk, add some strong hydrochloric acid and a 
little alcohol, and boil until the colour of the solution becomes 
:i clear green. This is efi'ected by adiiing a little more acid 
and alcohol. To the solution is added ammonia in excess, 
the mixtiu^ being boiled until it foi'um or gives a colourle«.s 
tiltrate: the precipitate which foi'ms is one of cliromium 
hyilroside : this is filtered oH', well washed with water, dried 
and weighed ; the weight multiplied by 4241 gives the 
weight of lead chromate or ehi-ome yellow in the sample. 
If no iron ls present in the filtrate from the lead sulphide it ia 
5 
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boiled, ammonia in slight excess is added, and the precipitate 
of chromium hydroxide which is obtained is treated as in the 
last method. 

Any lead sulphate is determined by taking 2 grammes of 
the green, boiling with strong hydrochloric acid, and filtering 
whilst still hot, then add barium chloride to the boiling fil- 
trate, filter, wash the precipitate of barium sulphate well 
with boiling water, then dry, ignite and weigh it. Tlie 
weight of barium sulphate multiplied by 13 gives that of 
the lead sulphate present in the green. The difference 
between tliis amount and that previously found represents 
the lead present in other forms of the green. 

It is always advisable to make a qualitative analysis of a 
sample of green before making a quantitative analysis to 
ascertain the nature of the constituents present, and, if necei>- 
sary, the analytical scheme should be modified according to 
the results of the qualitative analysis. 

The following table shows the composition of a representa- 
tive make of Brunswick greens examined by the author : — 

Analysis of Brunswick Greens. 





Pale. 


Middle. 


Deep. 
1-00 


Extra Deep. 
0-80 


Water 


1-20 


0-86 


Barytes . . . . 


. . 71-74 


71-64 


7216 


72-40 


Gypsum . . . 


. . 2-64 


traces 


traces 




Prussian blue . . 


0-96 


1-40 


3-64 


6-9(J 


Chrome yellow . 


. . 15-29 


24-73 


19-46 


17-69 


Lead sulphate . 


. . ' 817 

1 


1-31 


3-68 


2-i:) 



BURMESE LACQUER is the sap of a tree which grows in 
Burmah. When applied to articles it dries and leaves a 
glossy coat behind. In all essential particulars it resembles 
Japan lacquer. See Jajyanese Lacquer, Burmese lacquer is 
not imported into this country. 
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BURNT SIENNA is a piirnient obtained by heating Sienna. 
whicli aef. 



IB 
iati 
BUTTON LAC ia the name given to that form of lac 
hich \H imported in the form of round Sakes of about 1 inch 
' 1^ inchea in circumference. See Lar. 
■epa 



BURNT UMBER in a deep brown pigment obtained by 
sating umbei'. See I'lnhers. 



C. 



CADMIUM YELLOW is the sulphide of the metal cadmium, 
Tepared by pas-sing a current of sulphuretted hytirogen gas 
through a solution of a cadmium .salt. It lias a composition 
corresponding to the formula CdS. Pure cadmium yellow is 
one of the most permanent pigments known ; it mixes with 
nearly all other pigments without being affected by or alter- 
ing them ; it is unaltered by exposure to light and air. It 
works well in all vehicles, possesses good body or covering 
power and fairly strong colouring powers. Although its 
action on pigments is nil, or but slight, it is not advisable 
to mix it with chrome yellow, emerald green, or other pig- 
ments containing lead or copper, as these are liable to be 
turned black by the sulphur in the cadmium yellow forming 
the black sulphide of lead or copper, as the case may be. 
Very pale shades of cadmium yellow are sometimes offered ; 
these contain free sulphur, and are rather liable to become 
decolourised on exposure to light and air. Cadmium yellow 
should be completely soluble in strong hydi-ochloric acid, 
forming colourless solutions of cadmium chloride— sulphiu-etted 
hydrogen being at the same time evolved. On passing a 
current of sulphuretted hydrogen gas thi-ough the acid solu- 
tiou a yellow precipitate of cadmium sulphide should be 
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obtained ; the filtrate htiiu this should give no further pre- 
cipitates on addition of ammonia, ammonium sulphide and 
ammonium oxalate. Cadmium yellow is rarely adulterated, 
the most common additions being zinc chrome, arsenic yellow 
or chrome yellow, the presence of which can be readily 
detected. The teats for thewe pigineuts will be I'oujul umler 
the respective heads. 

Cadmium yellow is entirely used by artists, with whom it 
is a favourite pigment ; it is rather too expensive for bouse 
painters and decorators. 

CALCINED BONE is made by grinding bones iuto small 
pieces and heating to a red heat in a suitable furnace until all 
the carbonaceous matter is burned olf. It is generally sold 
in the form of a gi'eyish -white powder, insoluble in water, 
soluble in hydrochloric acid with a slight etlervescence, owing 
to the evolution of carbonic acid gas from the calcium car- 
bonate it contains ; there may be a small quantity of insoluble 
matter in some samples of calcined bones. Calcined bones 
consist chiefly of calcium phasphate and calcium carbonate. 
An analysis of a sample of commercial Calcined bones made 
by the author showed it to contain : — 
1'35 per CL-ut. cif water. 
3'50 „ „ insoluble matter. 

12'53 ,, ,, calcium carbonate. 

82-65 ,, ,, calcium phosphate. 

Calcined bone is largely employed in the manufacture of 
porcelain, entering into the composition of the body, in which 
it plays the part of a binding agent ; when the porcelain is 
fired the phosphate of calcium contained in the calcined bone 
fuses ; and then envelops the other portions of the porcelain 
which do not fuse, and so binds them all together. On this 
account it is evident the value of the calcined bone ilepeiids 
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ton the proportion of calcium phosphate it cutitaiiis, and 
^ more there is of this, the more vahiable the product. 
Calcined bone may be analysed in the following manner : 
Wo grammes are dissolved in hydrochloric acid, any insoluble 
matter they contain ia filtered ott", and ita weight determined 
in the usual way ; to the hitrate, ammonia is added ; this 
throws down all the calcium phosphate in the sample; and 
this is filtered oH". dried, ignitet! and weighed in the usual 
manner. Usually this will be from 80 to H4 per cent, in 
weight. On adding a solution of ammonium oxalate to the 
tiltrate from the ammonia precipitate, the lime, which is 
present as carbonate in the calcined bones, is thrown down 
as oxalate ; this is Sltered off, washed, dried, heated in a cni- 
cible until it ia all converted to carbonate and then weighed. 
If thei-e be any alumina in the sample it will be thrown 
ilown and weighed with the calcium phosphate; thei-e is, 
however, but little alumina present in calcined Ijoues. 



■^Is 



CALAIVIINE Is the name given to the natural carbonate of 
ic. which i.s found in small quantities in various localities: 
Iston in Cumberland, Mendip Hills in Somersetshire, Matlock 
ill Derbyshire, and elsewhere. It is not used to any large 
extent. 



CALEDONIAN WHITE LEAD Under this name has been 

\, lead white pigment, consisting principally of sulphate 
f lead, oxide of zinc and barytes. prepared by Sir, Hannay's 
!nt 



CANDLE BLACK lender this name has been sold a Sne 

tality of lamp black. 



CAPPAGH BROWN is the name given to a tine brawn 
;nient found at the Cappagh Mines of Lord Audley, about 
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ten miles from Skibbereen in County Cork, Ireland. The 
following analysis shows the composition of this brown : — 

Per Cent. 

Water given off at 100° C. . . . ia-7 

Water given off at a red heat . . 11*6 

Ferric oxide, Fe^Og .... 34-4 

Manganese oxide, MnO.^ . . . 27*2 

Alumina, AL^Og 2*6 

Lime, CaO 1*1 

Magnesia, MgO trace 

Silicia, SiO.^ . . . . • . 4-6 

Phosphoric acid, P^O^ . . . 0*4 

(Church, Chemistry of Paints and Painting, p. 206.) 

Cappagh brown works well in both oil and water, and is 
a permanent pigment. On heating it is transformed into a 
rich red-brown pigment. 

CARBON BLACK is a name which has been given in this 
country to a fine lamp black ; in America the black sold 
under this name is made from the natural gas which is 
found in large quantities in and near Pittsburg. The black 
is made in several qualities ; it contains, according to analyses 
made by the author, 3 to 5 per cent, of water and occluded 
gases and 95 to 07 per cent, of carbon. They are, therefore, 
some of the purest blacks known. Carbon blacks are largely 
used in making printing and lithographic inks of all kinds, in 
painting and for all other purposes where a fine black pigment 
is required. These blacks are also known as Gas Blacks. 

CARBONATE OF LEAD, PbCOg, occurs naturally as the 
mineral cerussite, containing 16*5 per cent, of carbonic acid 
gas and 83*5 per cent, of oxide of lead. It is found at Pentre 
Glaze in Cornwall, East Tamar Mine in Devonshire, in Derby- 
shire, at Leadhills and other localities. It dissolves in dilute 
nitric acid with eflervescence. White lead is a basic carbonate 
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of lead. The normal carbonate of lead has not been made 
artificially, but basic carbonates are readily obtained by pre- 
cipitating solutions of lead salts with alkaline carbonates or 
with carbonic acid gas. 

CARBONATE OF POTASH, K.COa, is the principal con- 
stituent of the ashes of plants. It is usually prepared by 
burning the twigs and wood of trees, lixiviating the ashes 
thus obtaine<l with water, filtering or clarifying the solution, 
and evaporating the liquor down in pots, from which fact the 
solid matter which is obtained has been named potash or 
fmiuiihes. If the crude potashes thus obtained be further 
refined, by treatment with a small (juantity of water and a 
second evaporation of the solution, a purer variety known as 
pearlash is obtained. 

Potashes, as a rule, are not very pure, containing variable 
quantities of potassium hydroxide, sulphate and chloride, 
sodium carbonate and hydroxide, silica and alumina. The 
following are a few analyses of commercial potashes o£ 
various origin • — 









Variety. 




Montreal. Pearla«li. French. 


1 
Beetroot. Leblanc. 


l^>tas^iunI t'arl>onate . 
Potassium hydroxide . 
Potassium sulphate 
potassium chloride 
Soilium carbonate . 
So<iium hydroxide . . 
SoliU)le silica, etc. . 






43-87 77-50 

:i6-50 

10-40 lliio 

2-43 2«>5 
2-8t> 

2^2 

475 5-77 


38r>3 

0-43 
2-45 
3-98 
4-17 
9-20 


1 

921W ' 1»2-19 

1 

3-81 3-<)4 
2-92 1-49 
3-98 1-43 

0-50 1-08 



A good deal of potash is now made by the Leblanc process 
from the potassium chloride found at Stassfurt in Germany : 
this is much purer in quality than the potash obtained from 
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wood. Potash is used for a great variety of purposea ; in the 
luaniifacture of caustic potaah, aa also of various [x>taflsium 
compounds, such aa potassium bichromate, potassium ferro- 
cyanide, etc. ; in the mauufactui-e of glass, pottery and other 
articles. The method of analysing potash will lie ileseribed 
under alkalimetry when ilealing with caustic soda. (See 
Catistic Soda.) Potash is an easily soluble bo<ly. its solutiou 
possessing strong alkaline properties and a sharp taste. It is 
soluble in acids with effervescence, due to the evolution of 
carbonic acid gas. 

CARBONATE OF SODA. Na.COy. is a most valuable 
cheniica,l prothict, and its manufacture is one of the most 
important branches (the alkali manufacture) of the cheinieal 
industries, giving employment to thousands of men. It la 
found to a limited extent in nature in the exuviations of the 
soil of Eastern and other hot cotintries. It la found in tlie 
ashes of sea weeds, and at one time these ashes, under the 
nauie of Barilla Ash, were made on a large .scale and used 
for \'arious purposes. Carbonate of soda or sodn., as it is 
shortly called, is now obtained exclusively fi-om the chloride, 
common salt, by one or other of two processes. 

The oldest process of soda making is that known as the 
Leblanc process ; in this the salt is first heated with sulphuric 
acid, whereby sulphate of soda is formed and hydrochloric 
acid gas evolved ; this gas is condensed by passing it through 
stone towers filled with bricks down which water trickles. 
The water dissolves the acid gas and forms a strong add 
solution, genei-ally known as spirits of salt. The sulphate of 
soda is next heated in a furnace with coal and limestone, 
whereby it is converted into carbonate of soda, while at the 
same time sulphide of Hme is also foi-med. The ci-ude alkali 
so made is known iis btark <isli and is solil to a small extent. 
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The crude black ash is next lixiviated with WKtur which Jis- 
solves out the carbonate of soda (ami any other alkaline salts 
which may be present), leavinjf the lime in an insoluble form ; 
ihe solution is evaporated down and treated in various ways 
I'l obtftin the alkali of coiiinierce. 

Till- second ]troctMs, which is more modern, is that known 
.1- the ammonia-soda process. In this brine is mixed with 
I tiimonia and a current of carbonic acid f^s is passed through : 
niirlmnate of 8oda is thrown down as a precipitate, while 
iiiiuiouium chloride remains in solution. The bicarbonate of 
-tjda is willectod and used for prepariufj the commercial forms 



..I I" - 



ida. 



Ciirlionate of soda, or noda, is sold conimei'cially in several 

( 1 1 Soda Ash. — This is the cf^minonest form, consisting of 
1 dry powder. It exists in various degrees of purity: the 
!Li|mrities present being caustic soda, sodium cldoride, Hodium 
-dlphate, small i^uantities of insoluble matter, etc. The 
.|uality of ihi' soda ash w measured in commerce by the 
amount of so<lium oxide. Na.^0, which may be present in the 
fnnn of carbonate or cau-stic ; thus there is iH per cent., 52 
per cent., 54 per cent., and 5S per cent, ash ; the last is neai'ly 
pui-e. The price is usually ijuoted at so much per unit per 
c^rt ; tile unit beinfj each per cent, of oxide present in the ash. 

(2) Refined Alkali.— This is neai-ly pure carbonate of soda, 
usually eontaitiing 58 per cent, of oxide of sodium. 

(3) Soda Crystals. — This is the commonest crystalline 
fonii, and occurs in larf^e trau.sparent ciystals with ten mole- 
cules of water of crystallisation and, therefore, having the 
formula Xa^CO^, 10Hj(J. Sothi crystals generally contain 
small iiuantities of impurities, sodium chloride, sodium sul- 
phate, etc. This Is the form known as washing soda among 
laundreeset) and sal aoda in Americu. 
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(4) Crystal Carbonate or Crystal Soda is the mouohydrated 
crystal form containing one molecule of wat^r of crystallisa- 
tion and having the formula, Na2C03, H^O. This variety ij^ 
usually very pure and fairly free from impurities. 

(5) Sesquicarbonate of Soda. — This is a mixture of the 
carbonate and bicarbonate in equal molecular proportions and 
has the formula, Na.^C03, NaHCOy. It is usually very pure, 
but is little used. 

(6) Bicarbonate of Soda, NaHCOg. — This is sold in two 
forms ; as a powder, when it is commonly known as carbonate 
of soda, and is the form usually employed in medicine, cook- 
ing, etc., or as crystals. Bicarbonate of soda is usually fairly 
pure. 

The following analyses of the various qualities of com- 
mercial soda will show the degi'ee of impurity usually found 
present : — 



Analysis of Soda Ash. 



Sodium carbonate, Na^COy 
Sodium sulphate, Na2S04 . 
Sodium hydroxide, NaOH 
Sodium chloride, NaCl 
("alcium carbonate, CaCOg 
Magnesium carbonate, MgCO^ 
Iron oxide, Fe^Og, and alumina, 
Silica, SiO., . . . . 
Water, H^^O ... 



48 per Cent. 58 per Ceut 

Ash. 

98-72 
0-20 



Al,03 



Ash. 

60-64 

4-35 

1-29 

28-34 

traces 

traces 
1-12 
4-36 



Analysis of Soda Crystals. 



Sodium carbonate 
Sodium hydroxide 
Sodium sulphate 
Sodium chloride 
Water 
Insoluble matter 



0-54 
0-18 
0-04 
005 
009 
0-26 



Per Cent. 

34-22 
0-12 
2-54 
0-27' 

62-84 
003 
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rom this analysis it will be seen that soda crystals contain 
lore than half their weight of water. 



Analysis of Crystal Carbonate. 



Sodium carbonate 
Sodium sulphate 
Sodium chloride . 
Water 



Per Cent 

81-92 
0-18 
0-24 

17-66 



) will be seen that crystal carbonate not only contains much 
ss water than soda crystals, but is also much purer. 

Analysis of Ammonia-Soda Alkali. 











Per Cent 


Sodium carbonate 98*72 


Sodium chloride 








0-54 


Sodium sulphate 








0-20 


Magnesium carbonate 








0-04 


Calcium carbonate 








013 


Ferric oxide 








0-01 


Alumina .... 








0-01 


Silica ..... 








0-09 


Water 

• • <..1 • 1 Oil 




• . ' 




0-32 

1* m^ i\ 



This is fairly typical of the composition of 58 per cent, 
iimonia alkali. Although there is a goodly variety of im- 
iirities, yet they do not, on the whole, amount to much. 

Sodium carbonate is readily soluble in water, but its solu- 
ility varies greatly with the temperature. At 0° C. 100 
irts of water will dissolve 6'97 parts of the anhydrous salt, 
- 21-33 parts of the crystals ; at 10° C. 1206 and 4094 parts 
jspectively are dissolved ; at 15° C. 16*2 and 63*2 parts 
jspectively; at 20° C. 21'71 and 92*82 parts respectively; 
hile at 38° C. the maximum solubility is reached, and 51*67 
irts of the anhydrous and 1142* 17 parts of the hydrated salt 
re dissolved by 100 parts of water. 
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The 


following tables give the specific gravity of solutiow 




at carbonate of aoda at 15° C. (fiO" F.) ami at 30° C. (86° F.):-M 




AILVt.'. (liU'fM. 


Ai jo°r. [m'ir.). M 






Pot Cunt by weight. 






PerOei>tb]rWa^«l 




BpeeiGi? 


Degma 




Spei:ili« 


Degreea 


■ 




GmvEty. 


rwad<1«ll 






Grsvity. 


riradrtdl 


■ 








Na/». 


N^CO,. 




1 N^. |N.,00rH 


1-005 


1 


0-28 


0.47 


1-156 


31 


8-71 ' 1449 fl 




I-OIO 


•i 


0-5C 


0-95 


I-IBO 


32 


8-96 1 15-3! n 




t-015 


3 


0-84 


1-42 


l-ltio 


33 


9-21 1 1S« 




1-020 


4 


111 


190 


1-170 


34 


9-46 1 1618 




1-025 


6 


1-3!) 


2-38 


1-175 


35 


9-71 1 liiW 




i-o:w 


fi 


Itl7 


2-85 


1-180 


36 


9-96 17-04 




1-036 




HW 


3-33 


1-185 


37 


10-21 17-4fi 




1-040 


8 


2-22 


3-80 


1-190 


38 


10-46 17-89 




1-046 





250 


4-28 


1195 


39 


10-71 lew 




1-060 


10 


2-78 


4T(i 


1-200 


40 


10-97 18-75 




1-055 


11 


3-0(1 


5-22 


1-205 


41 


11-22 1 19-18 




1-060 


12 


3-34 


571 


1-210 


42 


11-47 


19«1 




1-065 


13 


3-«l 


IM7 


1-215 


43 


11-72 


wot 




1-070 


14 


3-88 


It-IM 


1-220 


44 


11-97 


auT 




1-075 


16 


410 


7-lu 


1-225 


45 


1223 


SO-90 




1-080 


HI 


4-42 


7-57 


1-230 


46 


12-48 


31-33 




H)85 


17 


4-70 


8-04 


1-236 


47 


12-73 


21-77 




1-090 


18 


4-07 


8-51 


1-240 


48 


12-98 


23-30 




1-095 


lU 


624 


807 


1-245 


49 


13-24 1 33-63 \§ 




1100 


20 


5-52 


943 


1-260 


50 


13-49 Qsin m 




1-105 


21 


5-79 


9«l 


1-255 


51 


13-74 23-60 ■ 




1-110 


22 


(i-Oti 


10-37 


1-260 


52 


14-ou aa-va ■ 




1115 


23 


fi-33 


10-83 


1-265 


63 


14-24 24-3S ■ 




1-120 


24 


C-«l 


11-30 


1270 


54 


14-49 nrrm 




1125 




C-88 


U-7li 


1-275 


55 


14-73 S6-U fl 




1-130 




7-16 


12-23 


1-380 


56 


14-98 SS-tfl ■ 




1-135 


27 


7-42 


12-70 


1285 


67 


15-22 2e« ■ 




M40 


28 


7-70 


13-lCi 


1-290 


58 


15 47 26-46 ' 1 




1146 


2>.l 


7-SI7 


13-(i3 


l-2<t6 


69 


1572 36-87 1 




1160 


30 


fl-41! 


14-4 


1-300 


60 


15-90 27-W I 




Solution 


s of HOilium carbonate have an alkaline reaction «« 


taste. 


When soda crystals ai-e heated they melt in ikoM 


water o 


crystallisation, a property which is sometimes tak«0 


advauta 


,re of. The crystals effloresce in dry air. Sodium 1 
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carlwnate is a stable salt, ami may bo ki'pt for any li'nj:th of 
time without aay change. 

Socla is iiaeil in a very gi'eat variety of trades : in bleaching 
and washiug all kinds of textile fabrics, in dyeing, in colour I 
making, in jrlass making', etc. 

The uietlio.1 of testing s.ula will be ck-scnli.-.l umW (\iiiiit'>v 
S...hi. 

CARBONIC ACID This acid i.-* only known in the form 

of it« anhydriile, carbon dioxide gas, CO.,, which is familiarly 
known as carbonic acid. True carbonic acid is formetl by the 
Oniou of this gaa with water, and has the formula H^CO^, 
Carbonic acid unites with metallic oxide.s to form a number 
vi-ry important compounds known as ciirliovaf.es, some of 
iii.Ii are found occurring in large c[uantities in nature, as, 
luatance, calc'Ium carbonate (in the various forms of chalk, 
li stone, marbli!, etc.), and magueMium carbonate (as the 
liitiTal magnesite). Sodium carbonate is f oimd in some of 
til.; American lake deposits. From some carbonates — those of 
lime and magiit^Ia — carbonic aci<I may be obtained by heat- 
ing; from other carbonatua by the action of acids. Carbonic 
mad is mIso produced during the combustion of carbon or any 
-oarbonaceoiis matter. It is a ga.'seous boily, which, however, 
'oiuleR pressure and cold, can be converted into a liquid, or 
even into a soliil. Liquid carbonic acid is an article of com- 
merce. The gas is rather heavier than air, its specific gravity 
bviug 1529, air being 1000. It is soluble in water, which, 
4t the ortlinary pressure and temperature, will absorb its own 
voluui*! of the gas, but by increasing the pressure the quantity 
j,\s dissolved is materially increased. Aerated waters are 
'!■• by forcing carbonic acid gas at a high pressure into 
I iK-iii and immediately bottling On opening the ixittle the 
pntf»urc is reduced antl the excess of gas escapes with etfer- 
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vescence. When a current of carbonic acid gas is passed 
through solutions of alkaline oxides, etc., it is absorbed, and 
the corresix)nding carbonate is formed. 

CARMINE is a handsome red lake pigment prepared from 
cochineal. It has a bright crimson colour, is a powerful 
staining pigment, works well with either oil or water, but \b 
fugitive when exposed to light and air. Carmine has an 
exceedingly complex composition, as is indicated by the fol- 
lowing analysis by Lafar (Jauimal filr praktische Chemie, 
1890, No. 3) :— 

Per Cent 
15-50 



Water . 
Ash . . . 
Nitrogenous matter 
Colouring matter . 

The ash contained : — 
' Copper oxide, CuO 
Stannic oxide, SnO., 
Alumina, ALOg 
Ferric oxide, Fe.,03 
Calcium oxide, CaO 
Magnesia, MgO . 
Sodium oxide, Na^O 
Potassium oxide, K^O 
Phosphoric acid, PoO^ 
Silica, SiOo . 
Carbonic acid, CO., 



6-87 
23-26 
54-37 

035 

014 

40-48 

trace 

44-20 

0-61 

5-40 

3-20 

2-71 

0-60 

2-31 



Carmine is completely soluble in ammonia, and the presence 
of any matter which is insoluble in ammonia in a sample of 
carmine is an indication of the presence of adulterants. This 
is the best test for the purity of a sample of carmine. It 
is insoluble in water and alcohol and most other solvents. 
Caustic soda and potash dissolve it to form rich red solutions. 
From these the carmine is precipitated by exposure to the 
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Air or hjr aiding aome weak acid, like acetic or tartaric. 
SolutioQS of some metals (iron, lead, copper) materially alter 
the colour of carmine. Wheu carmine is Inirnt it leavet^ a 
yreyish -white auli behind. 

CARMINE LAKE is an almnina lake of a rich red colour 
pre pareil from the cochineal liquorM which are left behind in 
making carmine. It has a line coloui', but is not so brilliant 
nor HO strong in colouring power as carmine. It does not 
completely dissolve in ammonia, but it will do bo in caustic 
s<xla or caiLstic potasli. Strong acids will also di.ssolve it. It 
i-^ iiMed to a small extent in arti.stic painting, but it is rather a 
Ingitivp colour. It works well with either oil or water. 

CARNAUBA WAX. — ^This wax is also known as Brazil 
Woj^. It is obtained from the leaves of the tree, Copei-jiicia 
ti-rifi'Ta, which is a native of Brazil. The leaves of this tree 
are found covered with a kind of wax. They are collecteil 
:tTi'l placed in layers in the sun to dry. As they dry the wax 
-lirinks and peels off. It in collected, melted, and sent into 
• otumia'C)?. It makes its appearance in vitreous-looking lumps 
of a yellow or greenish-yellow colour. It is hard and brittle, 
has a specific gravity of 099, and melts at from 84° to 97' C. 
J 183 to 206' F.l, It has, according to the researches of Sturcko 
i.-tuHa^-eH 'Ur Chemie, cexxiii., p. 283), a most complex com- 
[Hjsition, containing (1) a hydrocarbon having a melting 
point of 59° C. ; (2) cerotyl alcohol, C^,U.^j:^HX>K. which has 
a meliing point of 76° C. ; (3) myricyt alcohol, C.„H^„CHpH, 
which melts at 85° C. ; (4) an alcohol having the formula 
C^U„lCH.pH), and a melting point of 103-5° C. ; (5) an 
acid having the formula, C^jH^jCOOH. and melting point of 
72-5'' C. ; i'6) cerotie acid, Cj,|H^COOH, melting at 78 C. : 
jtnd |7) an acirl having the formula, C'l^H^CH.^HCUOH 
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The principal constituents are myricyl alcohol, which is 
present to the extent of 45 per cent, in the wax ; cerotic 
acid, which is present to the extent of about 35 to 40 per 
cent, in the wax. The other constituents are present in but 
small quantities. When camauba wax is treated with boiling 
alcohol 29 per cent., consisting of myricyl alcohol and some 
ether, is dissolved. In addition to being present in the free 
condition myi'icyl alcohol is also present in the form of an 
ether. There is very little free acid in carnauba wax, nearly 
all the acids being present in combination with the alcohols as 
ethers. Carnabau wax when boiled with an alcoholic solution 
of caustic potash undergoes saponification, requiring 7 9 per 
cent, of KOH, showing that its ethereal constituents have 
a high molecular weight. It combines with bromine, of which 
it absorbs 38*5 per cent, of its weight. Carnauba wax is 
employed in candle making, being added to wax candles to 
harden them. It is sometimes added to beeswax to raise the 
melting point. 

CASSEL EARTH is the name given to a brown pigment 
of an earthy character found near Cassel in Germany. In 
composition it resembles Cappagh brown, but it is doubtful 
whether much of what is now sold as Cassel earth has ever 
come from Cassel. 

CAUSTIC POTASH is the commercial name of potassium 
hydroxide, KOH. It is manufactured on the large scale by 
treating solutions of the carbonate with slaked lime, separating 
out the precipitated carbonate of lime and evaporating down 
until solidification occurs. When pure caustic potash is a 
white amorphous solid, and very hygroscopic, absorbing water 
readily from the atmosphere. It also readily absorbs carbonic 
acid, passing into the carbonate, and even into the bicarbonate. 
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Hence it U not advisable to expose Holutious of caustic potash 
too much to the air. It possesses strongly caustic properties 
iinj a sharp toRte. It readily eaponiliea fats and converts 1 
them into eoaps, its action in this respect being stronger than ! 
that of caustic soda. It is a powerful base uniting with the 
-rrongest acids and foruiiug the potassium nalts, nearly all of 
■1 iiich are soluble in water, and are of great importance in the 
arts. Caustic potash is readily soluble in water. The following 
table gives the strength of solutions of various gravities at 
*>0' F., anrl is due to Dalton : — 

Table of .Stre\gth of Caustic Potash Solutions 
AT 60' F. 



SpeuUi-i 


Dvgnet 


Per C*iit. 


Pound* KOLI 


GntTity. 


TwaUdell. 


KOH. 


psr Giillou. 


1-060 


& 


5-59 


0-59 


MIO 


11-31 


125 


1X50 


■MS 


15-48 


1-77 


1190 


38 


1929 


2-31 


1130 


46 


23-32 


UM 


1-280 


56 


27-87 


3-66 


1-330 


<» 


31-32 


4-16 


VMW 


72 


35-01 


4-76 


i-:m 


78 . 


38-59 


5-36 


1'4'2I) 


H4 


40-07 


5-81 


1-440 


as 


43 83 


031 


1-470 


di 


47-18 


«-il3 


1-O20 


104 


51-09 


7-76 


1-«XJ 


112 


55-62 


8-89 


l-tiWl 


13ti 


60-98 


10-24 




im 


67>65 


12-04 


1880 


ITfi 


-5-74 


14 23 


2int 


200 


tM'.-22 


17-24 



Coinmercial caustic potash is made in various ([ualrties, 
three standard grades being recognised. The best ijuality 
ordinarily contains from 80 to 85 per cent, of actual potas- 
sium hydrosidt- ; the next qiwlity is of 75 to 80 per cent. 
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strength ; while the lowest quality contains from 70 to 75 
per cent, -strength. Of late a high strength caustic potash 
is being made by an electrical process at not too high a cost, 
which ought to become largely used in place of the low grade 
caustics. The following analyses of two samples of com- 
mercial caustic potash will show their average composi- 
tion : — 





Per Ceut. 


Per C^iit. 


No. 1. 


No. 2. 


77-64 


75-64 




4-62 


2-554 




0-38 


0-21 




2-29 


0-93 




0-87 






4-67 


2-59 




0-30 


0-20 




002 


0-22 




8-84 


17-80 



Potassium hydroxide, KOH 
Potassium carbonate, KjCOg 
Potassium sulphate, K,S04 
Potassium chloride, KCl 
Potassium nitrite, KNO.j 
Sodium hydroxide, NaOH 
Soluble silica and alumina 
Insoluble matter 
Water .... 



Ak will be seen, the impurities in commercial caustic potash 
are rather high, much more so than is the case with commercial 
caustic sodas. It is diflScult to obtain commercial potash 
free from soda, the presence of which has sometimes a 
deleterious influence on the use of the potash compound. 
The value of caustic potash can be ascertained by the 
same alkalimetric tests as are applied to soda, and will be 
found described under Caustic Soda. The quantities of sul- 
phate, chloride, alumina and carbonate can be obtained by 
the usual methods for thase constituents. It is rather diffi- 
cult to estimate the amount of soda present ; the best methcxl 
will be to determine the amount of potassium present by 
means of platinum chloride, and to calculate the soda by 
the ditterence between the sulphuric acid required for the 
potassium so found and that used for the total alkalinity of 
the sample. 
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CAUSTIC SODA is the commercial name of sodium hy- 
Toxide, or sodium hydrate as it used to be formerly known 
to cbemiHts. The body can be produced by the action of 
medium on watei- ; commercially it in always made by treating 
solutions of Hodium eaibonate with quicklime and evaporating 
th« rsolution so obtained to dryness. Its chemical formula is 
NaOH. Caustic so<la is a white, hard, solid, melting at a little 
below a red heat, and is somewhat volatile at higher tem- 
peratures. It is very dilique.scent, and is easily soluble in 
water, I part dissolving in 0-47 part of water. Great heat 
is jpven ort' during solution in water, the gi-eatest amount 
being obtained when 4^1 part-^ of caustic soda are dissolved 
in 360 parts of water, these proportioiLs corresponding to 
the ratio NaOH, 20H,O. It is easily soluble in alcohol. Tlie 
specific gravities of solutions of caustic soda of varying 
strengths will l)e found below. A soUitiou containing 36 
per cent, of XaOH boils at 130° C. (266" F.) : with 70 per 
cent, the boihng point is 180' C. (35(3' F) ; with 78 per 
c^nt. the boiling point is 243° C. (469" F.) ; while a solution 
which contains 82 per cent. NaOH has a l»iling point of 
-, 260' C. (500' F,)- Caustic soda possesses very strongly 
i and caustic properties, and consequently it and it« 
ibtions require handling with care. It acts powerfully 1 
'on the skin and all animal substances, corroding and dis- 
solving them ; with such bodies it should not be brought 
into contact. Caustic soda when exposed to the air absorbs 
^^r&t«r and carl)ontc acid, so that it is important to keep solid 
^Eiitistic soda from exposure to the air as much as possible. 

Commercial caustic soda is sold in several grades or 
<|iialitie«, the following being the chief : 60 per cent, cream, 
i)M per cent, white, 70 per cent., 74 per cent., and 77 per cent., 
ihe last being almost chemically pure (see analyses below). 
The percentages here quoted refer to the total proportion of 
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oxide of sodium, Na^jO, in the caustic without distinction 
as to whether that is present in the form of carbonate or 
hydroxide. The lower grades of commercial caustic are far 
from pure. The following table shows the composition of 
the various grades of commercial caustic sodas : — 





Cream, 


White. 


M/\ 


^ 4 


^^ 




60 per 
Cent. 


60 per 
Cent 


/O per 
Cent 

84-0 


/4 per 
Cent 

960 


// per 
Cent 


Sodium livdroxide . . 


75-0 


73-0 


99-34 


Sodium carbonate 






31 


1-5 


4-2 


0-2 




Sodium chloride 






6-8 


19-0 


60 


1-3 


0-21 


Sodium sulphate 






1-5 


5*5 


51 


1-5 


010 


Sodium silicate . 






21 


0-3 


0-3 


01 


0-05 


Sodium aluminate . 






0-8 


trace 


trace 


3-2 


0-30 


Sodium sulphite . . 






1-5 






— 




Insoluble .... 






0-2 
0-0 








— 


Water .... 











These analyses may be taken as fairly representative; 
others will be found in The Chemical Trade Journal, 1888, 
p. 83. 

The lower grades are sold in drums of varying size, which 
are filled with the caustic when the latter has been melted bv 
heat. The higher grades are also sold in a powder foim, 
which is the most convenient for small users. 

Caustic soda is largely employed in soap making, in 
bleaching textile fibres (especially the vegetable fibres), in 
glass making, in colour making, in paper making and in 
other industries. In most cases it is employed in the form 
of a solution, in which form it is a commercial article, having 
usually a specific gravity of 1*35 (70° Tw.), and containing 
about 30 per cent, of actual hydroxide. It can also be 
bought having a gravity of 100° Tw. (specific gravity 1"5). 
This contains about 50 per cent, of actual caustic. 
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Tl>e Followinij 


table givesi the sti-ength in actual caustic ^^^H 


f solutions of sodium hy 


roxide of varying' gravitiea : — ^^^| 


!»I-ELIF1C GkAVITV OF Ca 


■STIC SonA Sdl.UTIOXS AT 15^ C. ^^1 






60^ F.). 


m 










Poimilt of avtuil XnOU eoiitniunl 


^ 






IVr l\;,l. h 


Weight Df 


iu one GsUou of Lye iniide 


J 


D.'srMS 


Spwili^ 










rwmidelL 


Braritj-. 








.^H 
















HmJO. 


NiOH. 


77 per 
Cent. 


74 per 

Ceat. 


70 per 


n 


- 


I-OOD 


0-368 


0-474 


0-048 


0-046 


0-043 




1-010 


0-742 


0-957 


1)-0!I7 


0092 


0-087 






1-015 


1114 


1-436 


0-146 


0-131 


0-129 


i 




1-020 


1-480 


1-909 


0-194 


0-185 


0-180 






1-025 


1-834 


2-365 


0-243 


0-231 


0-219 


^H 




1-030 


2-104 


2-830 


0-291 


0-278 


0-262 


^H 




1-035 


2 521 


sum 


0-335 


0-320 


0-3o:i 


^H 




1-040 


2-904 


3-746 


l)-389 


0-371 


0-350 


^^ 




1-045 


3-244 


4-184 


0-438 


0-417 


0393 


1 




1-050 


3-590 


4-C31 


0-486 


0-461 


0-438 






1-055 


3-1)43 


5-«8l> 


0-536 


0-510 


0-483 






1-060 


4-232 


5-536 


0-586 


0-568 


0-528 






l-OtiS 


4-ii38 


5-982 


0-636 


0-607 


0-573 






1-070 


4-il72 


6-413 


0-680 


0-653 


mn 






1-07B 


5-311 


6-911 


0-742 


0-707 


0-668 






HBO 


5-1(48 


7-285 0-786 


0-749 


0-709 






1-085 


5-981 


7-745 1 0-836 


0-798 


0755 






1-090 


ti-3Il 


a-140 1 0886 


0-845 


0800 






1-0115 


6-639 


8-5B4 0-937 


0-894 


0-846 






1100 


6-954 


8-!t70 0-986 


0-941 


0-890 






M08 


7-276 


9-386 1-037 


0-989 


0-938 






1110 


7-B9* 


9-796 1-087 


1-037 


981 






1115 


7-910 


10-203 1-137 


1-123 


1026 






1130 


8-:!a3 


10-007 1-187 


1-175 


1-071 






1-125 


8-533 


11-107 1-23H 


1-181 


1-117 




' 26 


1130 


8-893 


11-471 1 1-296 


1-237 


1-170 




27 


1135 


9-251 


11-933 1-354 


1-292 


1222 




2a 


1-140 


9'614 


12-401 1-413 


1-350 


1-277 




20 


1143 


9-9«S 


12-844 1-470 


1-413 


1-337 




30 


1150 


10-313 


13-303 1-529 


1-460 


l-:t8l 




»l 


1156 


10-(HW 


13-859 1-600 


1528 


1-445 




32 


11«0 


11-008 


14-190 1-646 


1-541 


1-450 




33 


1HI6 


11-347 


14-637 1-705 


1-627 


1539 




34 


1-170 


11-691 


15-081 1-764 


1-684 


1-593 




:» 


1175 


12-025 


15-512 1-822 


1739 


1-645 


I^^H 
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^m Specific Gravity of Caustic Soda Solutions at 15' C. | 








(60° F.)~continue(}.. 
















PoimdsaraetualNaUHctnitutioll 1 








Per Cent. 1 


V Weigl.t of 


in oiia 


tollon of Lj 


emule ■ 












Coin 


nertiftl CaqMic of 1 ■ 




Dcgreiu 
T™idell. 


Gravity. 






























N«^. 


N>UB. 


77 pw 
Cant. 


74 per 


70p.r 
Cent, 


36 


M80 


12-356 


16139 


1-904 


1-817 


1719 




37 


M85 


12 092 


10-372 


1-942 


1-853 


1753 




38 


1190 


13016 


10794 


l-9'.« 


1-887 


1804 




3!) 


1195 


13339 


17-303 


2-065 


1-962 


1-856 




40 


1-200 


] 3-660 


17-629 


2-122 


2-026 


1-916 




41 


1'205 


141)58 


18-133 


2-186 


2-085 


1-973 




42 


I '210 


U-4:J8 


18-618 


2-252 


2147 


2033 




4i 


1'215 


14-823 


19121 


2-323 


2^1 


2fl97 




44 


1220 


16124 


19613 


2-392 


2-280 


2161 




45 


1225 


15-502 


19-997 


2-444 


2-338 


a-206 




46 


1-230 


16-959 


20-686 


2-562 


2-417 


2-265 




47 


1-236 


16-299 


20-996 


2-693 


2-475 


2-341 




4B 


1-240 


ltf692 


21-532 


2-669 


2-548 


2-410 




49 


1-245 


17-060 


22-008 


2739 


2015 


2-474 




SO 


1-250 


17 424 


22-476 


2-809 


2-681 


2-536 




61 


1-255 


17-800 


22 962 


2-881 


2760 


2ii02 




52 


l-2«0 


18166 


23-433 


2-it52 


2-818 


2-666 




53 


1-265 


18-62!) 


23-901 


3-020 


2-886 


2-730 




54 


127(T 


18897 


24-376 


3095 


2-955 


2796 




65 


1-275 


19-265 


24-858 


3171 


3027 


2-863 




66 


1-280 


19609 


25295 


3-237 


3-090 


2-932 




57 


1-285 


19961 


25 750 


3-308 


3168 


2-9B8 




58 


1290 


20-318 


26-210 


3-381 


3-227 


3-053 




59 


1-205 


20-665 


26-658 


3-452 


3-3<H 


3.117 




60 


1-300 


21156 


27-110 


3-524 


3-394 


3'ias 




61 


1-305 


21-405 


27-611 


3-603 


3-439 


3-253 




62 


1-310 


21785 


28-105 


3-682 


3-514 


3-264 




63 


1-315 


22168 


28-595 


3-760 


3593 


3-395 




tu 


1-320 


22-556 


29161 


3-849 


3-674 


3476 




66 


1-325 


22-926 


29-574 


3919 


3-742 


3-539 




66 


1-330 


23-310 


30058 


3-it97 


3-816 


3-610 




67 


1-335 


23-«70 


30-535 


4072 


3-8JH 


3-681 




68 


1-340 


24-040 


31-018 


415<l 


3-967 


3-754 




«0 


1-345 


24-410 


31-490 


4-232 


4-042 


3-824 




70 


1-350 


24765 


31-948 


4 312 


4-116 


3-894 




71 


1-365 


25152 


32-446 


4-396 


4-190 


3-9(0 




72 


1-360 


25-526 


32-930 


4-478 


4-274 


4-043 




73 


1-365 


25-901 


33415 


4-561 


4-354 


4-109 




74 


1-370 


26-286 


33-906 


4-.M6 


4434 


4-lM 




75 


1-375 


26-050 


34-382 


4728 


4513 


4-a09 
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;iFic GnAviTY OF Caustic Soda Solutions at 15' C. 
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Poudtloof 








Per Cent by WeiKht of 


in one Gatlou ot L 


««.«!« 










CommxrcMl Cutiatic of 1 


Twvlddl. 


flpooiec 

(invlt)-. 


























NWJ. 


N«OH. 


77 per 
CbSu 


Itr 


rop«r 

Cent 


71! 


1-380 


27-021 


34-855 


4-810 


4-592 


4-344 




1-385 


27-:«5 


35-328 


4-893 


4-670 


4-418 


Tfi 


i-300 


27T45 


35-795 


4-975 


4749 


4-493 


7« 


1395 


28110 


36-268 


5-058 


4-828 


4-567 


*l 


I-4(K) 


28 4l>(> 


36-720 


5141 


4-il07 


4-642 


«1 


1-405 


28-830 


37-203 


5-227 


4-989 


4-702 


»3 


WIO 


29 203 


37-674 


5312 


5W1 


4-797 


Ha 


1-415 


29-570 


38146 


5-397 


5153 


4-873 


H4 


142(1 


2ft!»30 


38-610 


5-482 


5-233 


4950 


So 


l-42fi 


30-285 


39-071 


5-5«7 


5-314 


6-027 


S(t 


1-430 


30-646 


39-530 


5-653 


5-396 


5-104 


»7 


1-435 


30-<J96 


39-986 


5-738 


5-4<i7 


6-181 


«« 


1440 


31-34« 


40-435 


5-823 


5-558 


5 258 


K'J 


1445 


31-7(>0 


40-882 


5-908 


5-640 


5-335 


■H) 


1450 


32<M3 


41-335 


5-923 


5-721 


5412 


itl 


1-455 


32460 


41-875 


6-093 


5-816 


5502 


!»2 


1-460 


32-870 


■J2-4O0 


6191 


5-909 


5-630 


iU 


l-4«5 


:(3-283 


42-935 


6-290 


il-OW 


6-679 


•U 


1-470 


33-695 


43-467 


6-389 


6-osm 


5-769 


•to 


1-476 


:i4-092 


43-980 


6-487 


6193 


5-856 


fW 


1-480 


34-O00 


44-505 


fi-586 


6-287 


5-948 


"7 


1-485 


34-899 


45-013 


G-G85 


6-381 


fi-035 


m 


1-45K) 


35-245 


45-530 


fl-784 


6-476 


0126 


•M 


1-405 


35(i{il 


46-041 


ii-884 


6 571 


6-216 


€L- 


1-500 


3<i-081 


46-645 


6 982 


6-665 


6-3(13 



^^She figures in the last tlii-ee columns have been calculated 
OD the a'tsuinption that in the case of the 74 and 70 per cent. 
cBUKlictft the impurities in them have an influence on the I 
npen'lie gravity of the solution equal to that of an t^'iual ] 
weight of liydroxide. The figures in the coluuin for 77 per ' 
cent, caustic are fairly accurate. 
gSotliuin hydroxide is a powerful base ; it unites with 
icids forming the sodium salts, nearly all of which are I 
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soluble in water, varying a little in their degree of solubility. 
Chlorine, bromine and iodine react with a solution of sodium 
hydroxide, forming chlorates, bromates and iodates, especially 
if hot solutions are employed. Carbonic acid passed through 
the solution throws down sodium bicarbonate. NaHCO^. 
The solution precipitates many metallic hydroxides from 
solutions of the salts ; for example, iron, copper, lead, alu- 
minium, tin, chromium, etc. Some of these hydroxides, viz., 
those of aluminium, tin, lead and zinc are soluble in excess of 
the alkali. 

Alkalimetry is the name given to the testing of the 
actual strengths or qualities of commercial potashes and 
sodas. It is in general done by volumetric processes, all of 
which depend upon the fact that when either the carbonates 
or the hydroxides of potassium and sodium are treated with 
sulphuric or hydrochloric acid they are neutralised and form 
neutral solutions of the sulphate or of the chloride of the 
metal as the case may be. Further, that in litmus, methyl 
orange or phenol -phthalein we have coloured bodies which 
are exceedingly sensitive to the action of acids or alkalies; 
methyl orange and litmus will turn red with the smallest 
excess of acid, while phenol-phthalein will show the slighte^st 
excess of either the potassium or sodium hydroxide. Given 
now a solution of one of the alkalies, on adding a little 
methyl orange, just suflScient to give it a yellow tint, and 
then adding a dilute solution of sulphuric acid, the slightest 
excess of the latter will turn the colour of the solution from 
yellow to red. If a solution of sulphuric acid of known 
strength were used and the amount measured, then the latter 
is a measure of the quantity of alkali present, for the union 
of the acid and the alkali take place in definite proportions 
according to the following equations : — 
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K,COj -I- ILSOj = K,BO^ + GO,. + a,0 
Na.,C03 + H„SO, = NajSO^ + CO^ + H.O 
2NaOH + H^SO. = Na^SO^ + H..0 
2K0H + H,,SOj - K^SO^ + H,o' 

From these (jijuations the following serieH of equivalents 
iiMiy be obtained: 49 parts of sulphuric acid, H^SO,, are 
• "|uivaleiit to 40 parts of sodium hydroxide, NaOH, or to 
.>t> parts of potassium hydroxide, KOH, or to 53 parts of 
sr-Hliiuu carbonate, Na.,COj, or to (ifl parts of potas,sium car- 
l.".iiate, K..CO^. 

In can-yiufj out the principlew of alkalimetry there ie 
n-'ijuired a solution of sulphuric acid of known strength : this 
is culled a standard solution, and is usually made to contain 
4-!i grammes of actual H.^SO^ in one litre or 1,000 ac. As this 
-jlution contains the equivalent weight in grammes per litre 
of sulphuric acid it is calletl ■normnl standard solution. In 
place of Kulphuric acid, hydrocliloric acid may be employed, 
in whicli case the normal stamlani solution will contain 365 
^n-animes of HCl per litre. The methods are the same whether 
I he soria or tlie potash compounds are being tested. 

Ti-stitiy Soda Ash and Potashes. — Weigh out 5 grammes 
iif the sample, place in a beaker with water, and stir well 
until dissolved ; then trausfur to a graduateil measuring Hask 
hobiing 250 c.c, that is, a flask which on being filled to a mark 
on the neck, ha-s the capacity stated. Then till up the flask to 
the mark and shake well. By means of a pipt;tte take out 
i*.i c.c. of the solution and transfer to a beaker, add a little 
iiifthyl orange solution, not too much, but just enough to give 
,1 definit* yellow wlour to the solution. Fill a burette with 
ilii- .ntandanl solution of sulphuric acid; when i*eady turn on 
I lie tap or open the pinch cock of the burette, and drop the 
Jii-id into tlie alkaline solution slowly, stin-ing it while doing so. 
'I'lieacidisilruppediu until the colour of the solution turns pink. 
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when the Dumber of cubic centimetres of acid used are I'ead 
otf on the burette. The operation is known as titratimj. It 
in Advisable to repeat the te»t two or three times, and to t&kt 
the mean of the results ; that is, if there be not more than 
O'l c.c. of difference between them. 

Sometimes titmus is employed as an indicator as to the 
end of the reaction between the acid and the alkali, in whidi 
case the change of colour is from blue to red. The results 
are, however, liable to come out too low, unless the test solu- 
tion be kept boiling, owing to the fact that litmus is sensitive 
to carbonic acid, and that the small (|uantity of the latter' 
which is liberated in the reaction remains in solution and 
affects the litmus. On this account methyl orange, which 
not thus affected, is to be preferrefL 

The number of cubic centimetres of acid useil, multiplied 
by 0-053 in the case of sodium carbonate, or by O'OB!) when 
potashes are being tested, gives the i^uantity of either car- 
bonate of sodium or of potassium in the 25 c.c of solution 
taken. The percentage can then be easily calculated. 

In the civse of soda ashes it i-s customary to state tJie 
strength in terms of the amount of sodium oxide, N'a.,0, they 
contain. In this case the cubic centimetres of standard acid 
used is multiplied by OOSl. 

Caustic Soda ami Caustic Potash. — The methoil of test- 
ing is identical with that employed for the carbonates. The 
necessary calculations are made by using the factors 004 for 
soda and 0'056 for potash, or if the amount of sodium oxidft 
is required, as is usual in testing sodas, the factor is 0031, 

The question of the amount of carbonate of soda or potash, 
as the case may be, in commercial caustics is often a matter 
of importance, especially where these articles have to 
employed in soap making. The carbonate in caustics n 
be tested for in the following mannei- : Weigh out 5 grammes 
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of the nainple, diflflolve in 250 c.c. of water, and test for total 
alkali as before. Xext, take 50 c.c. of the caustic sohitioii and 
place in a 100 c.c. Ra»k. add now a few cubic centiiiiutres of a 
neutral solution of barium chloride, whicli will throw down a 
{irecipitate of liarium carbonate by reaction with the alkaline 
carbonate present : make np the volume of the mixture to 
100 c.c. The precipitate may be allowed to settle, and 50 c.c. 
i)f the clear liquor taken for titration ; or it may be tiltered, 
and 50 c.c. of the Kltrate taken and titrated as before. This 
:^ive8 the alkali preseut as hydro.xide or cauatic. The tjuantity 
laken of the liquor is equal to 25 c.c. of the original solution. 
The dittei-ence in the quantity of acid used in the two te^ts 
fihowe the amount of carbouat-e in the sample. 

The following details of some practical tests carried out in 
the manner described alwve will show how they work and 
thf method of calculating. 

Sample fij Siida Ash.— Took a grammes and matle up to 
2.50 C.C. ; took 25 c.c. of the solution for titration : — 
Standard Acid :■ — 

Second reading .... 10-5 
First reading .... 30 

Acid used 7o 

7'5 « 0'031 = 0'1085 gramme of sodium oxide present. 
0-5 ; 0'1085 : : 100 : j:. j = 46'5 per cent, of sodium oxide. 

ThLs is a sample of 465 soda ash. 

To calculate the quantity of sodium carbonate — 



7'0 X 0*053 -= 0-3975 gramme of sodium carbonate. 
0-5 : 0-3975 : : 100 : x. J = 795. 



The sample, therefore, contains 70-5 per cent, of sodiumJ 
carbonate. 

Samp(e of PnUisk. — Took 5 gramnit-s dissolved in 2.50 
of water : took 25 c.c. for titration. 
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Standard Acid : — 

Second reading .... 15*8 
First reading .... 9*5 



Acid used 6'3 

6*3 X 0*069 = 0*4347 gramme of potassium carbonate. 
0-5 : 0*4347 : : 100 : a;, a; == 79-5. 

This sample contains 79*5 per cent, of potassium carbonate. 

Sample of Caustic Soda. — Took 5 grammes and dissolved 
in 250 c.c. of water. 

Total alkali : took 35 c.c. and titrated with standard acid. 

Standard Acid : — 

Second reading . . . . 18*2 
First reading . . 6*7 



Acid used 11*5 

11 '5 X 0*31 = 0*3565 gramme of sodium oxide. 
0*5 : 0-3565 : : 100 : a?, x = 71*3. 

The total alkali Is, therefore, 71*3 per cent. 

Soda as Carbonate. — Took 50 c.c, added barium chloride 
made up to 100 cc, filtered and took 50 c.c. of the tiltrat* 
= 25 c.c. of the original solution. 

Standard Acid : — 

Second reading . . . . 28*4 
First reading . . . . 18*2 



Acid used . . . . . 10*2 
10*2 X 0*031 = 0*03162 gramme of sodium oxide as hydroxide. 
0*5 : 0*31()2 : : 100 : J-. x = 65*2. 

There is, therefore, 65*2 per cent, of alkali, as hydroxide oi 
caustic, in this sample. 

Total alkali 71*3 

Alkali as caustic . . . . 65*2 



Alkali as carbonate . . . 6*1 
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The actual hydroxide can be calculated thus : — 

Acid for alkali as caustic . . 10*2 c.c. 
10-2 X 0-04 = 0-408. 
0-5 : 0-408 : : 100 : a:, x^ 81-6. 

There is, then, 61*6 per cent, of sodium hydroxide in the 
sample. 

The amount of sodium carbonate is calculated thus :— 

Acid for total alkali . . . 11-5 
Acid for alkali as hydroxide . . 10*2 



Acid for alkali as carbonate . . 1*3 

1-3 X 0-053 = 0-0689. 
0-5 : 0-0689 : : 100 : a:, x = 15-8. 

There is, therefore, 15*8 per cent, of sodium carbonate in this 
sample. 

Caustic potashes are tested in the same way, usiny, how- 
ever, different factors in calculating. 

The following table of factors will be useful in making 
alkalimetrical tests : — 

c.c. normal standard acid = 0023 gramme sodium. 



»» »» 

»» »> 

»» »» 

»» f > 

»» »» 

»» »» 

M If 



= 0031 




sodium oxide. 


= 0-04 




sodium hydroxide. 


= 0-053 




sodium carbonate. 


- 0039 




potiissium. 


= 0-047 




potassium oxide. 


= 0056 




potassium liydroxide. 


= 0069 




potassium carbonate. 



CERESIN. — This material is prepared from Ozokvrii (which 
see) by a process of treating it with strong sulphuric acid, 
washing and filtering through charcoal. It makes its appear- 
ance in commerce as a yellow, waxy-looking material, having 
a granular structure and closely resembling beeswax, for 
which it is often substituted. It is employed for a variety of 
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purposes where a wax is required. It melts at from 120** F. 
to 140° F., is quite insoluble in water and alcohol, but soluble 
in ether, petroleum spirit and turpentine. It is unacted upon 
by acids or alkalies in the cold. In composition it consists 
chiefly of solid paraffins. 

CHARCOAL BLACKS are products obtained by grinding 
charcoal : they are sometimes employed in making black 
paints, but more often in making moulds for casting metals, 
filtering, etc. They consist chiefly of carbon, but usually 
contain a small proportion of ash and some water. 

CHARLTON WHITE, a name given to Orr's white. See 
Orrs White, 

CHINA CLAY. — This very valuable material is found natu- 
rally in large quantities among the granite rocks of Cornwall 
and other localities in this and other countries, which are too 
numerous to mention. It is a hydra ted silicate of alumina, 
having the composition : — 

Per Cent 

Silica, SiO.> 47 

Alumina, AL,0., .... 40 
Water, H.O ..... 13 

which corresponds with the formula 2SiO.^, Al^Oj, 21^0: 
but the composition varies somewhat from this average for- 
mula, as will be seen from the analyses which are given 
below, of china clays obtained from various localities. 

Of the origin of china clay something will be said when 
dealing with clay. See Clay. 

China clay is found in large deposits in the granite rocks, 
intermingled more or less with the mica and quartz of those 
rocks ; from these substances it is separated by a process of 
levigation which will be found fully described in the autiior's 
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MnnwU of Painters' Colours, and also in Mr. Davifl Cook's 
TVtfittwe ttn China Clay. 

China clay or kaolin, is a fine white amorphous powdei", 
having slightly adhesive properties; when moist it adheres 
to the fingers. It is hght, its specific gravity being 2"2, su 
that it is lighter tlian any other substance used as a white 
pigment. The best <|ualitie8 have a soft, smooth feel, the 
<omraon i)ualities are rather liai-sher, hut few, if any, have 
a gritty feel. The best c|ualities have a pure white tint, A 
few grades have a yellowish tone, but the china clay makers 

ANALYSES OF China Clays. 



















Cormrall. 


Chimi, 


Ca, 

Ain«nc&. 


French. 


Dutmoor. 


Cornwall 


9iliea.SjO, , . . 


4678 


50'50 


47-13 


48-37 


47-20 


4(1-32 


Alainina. 41,0, . 


39-60 


33'76 


36-7b 


a4-95 


38-80 


3972 


Water. H,0 


1316 


11-22 


15-13 12-63 


12-00 


12-(>7 


Potash. K,0 . . 


012 


1-flO 


— : 2-40 




0-44 


Ferric ox nle,Fe,0,, 


0-09 


1-80 


ti-ai'e , l'2(i 




0^ 






— 1 O'W 1 — 


024 


0-3« 


Miignesia, MgO . 


— 


o-mt 1 _ _ 


— 


,« 



(ire in the habit of correcting this by adding a little ultra 
marine. It is quite insoluble in dilute acitls, alkalies ani 



water. Boiling in strong sulphuric acid for some time gradu- 
ally brings about its decomposition, resulting in the formation 
of alumina sulphate and the proiluction of a gelatinous residue 
i.f silica. Hydrochlonp acid has but little action ; it is quite 
unafiected by heat, with the exception that at high temperature 
it paases into the anhydrous silicate of alumina. 

China clay is largely employed in the manufactiu'e of 
^ttery, in making lake pigments, in the sizing and finishing 
f textile fabi^ca, as a tilk-r for paper, etc. 



0() CHINESE BLUE—CHINESE GREEN. 

In testing china clays it is important to pay attention to 
the purity of colour, which may be done by comparison with 
a standard sample — a small heap of iSre sample being placed 
beside a similar heap of the standard on a sheet of dead black 
surface paper in front of a window. Freedom from grit is 
important ; this may be tested by placing a little in the mouth 
or by rubbing^. a little between two pieces of glass. The 
fineness of the clay is sometimes important ; this may be 
tested by comparison with a standard sample by weighin<r 
10 grammes, placing in a tall, cylindrical measuring glass of 
500 c.c. capacity, shaking well up with water, filling the 
cylinder up to the mark with water, allowing the clay to 
settle, and noting the time it takes to settle down to a certain 
mark. The sample which takes the longest is finer in ijuality 
than the sample which takes the least time. It is rarely that 
an analysis of china clay is required, as the exact chemical 
composition is not often a matter of importance. China clay 
is rarely, if ever, adulterated ; it is too cheap. 

CHINESE BLUE, the name given to the best quality of 
Pru.'iH'tan Blue (which see), sold in small cubical pieces, notable 
for their bronze lustre and the coppery hue of their fractured 
surfaces : it is also sold in the form of powder. Chinese blue 
is easily soluble in oxalic acid. 

CHINESE LACQUER is identical with Japan lacquer. See 
Japn aese Lacquer. 

CHINESE GREEN. — Chinese green or lokao is a pigment 
prepared from the juice of some Chinese species of buckthorn. 
The berries are pressed, the juice mixed with alum and dried. 
It makes its appearance in the form of bluish-green cakes, 
rather difficult to powder. It contains 27 to 47 per cent, of 
mineral matter, which consists chiefly of lime and alumina. 
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It U probable that Chinese green is a lake of the colouring 
principle of the berries united with alumina and lime. The 
colouring principle is a glucoHiile, which yieldH a glucose 
having the formula 0^3, ^Ou, to which the name lokaose has 
been given. The glucoside itself has received the names 
Inkiiin and lokaonic acid, and to it has been asaigned the 
Formula Cj^Hj^O^.. Besides the glucose there can also be 
obtained a peculiar acid named fohanir ai-ii/* The chemistry 
of Chinese green requires further investigation. It is but 
little used. 

CHINESE RED, a name -sometimes given to Derby red. 
Derby Rid. 

CHINESE WAX, also known as insect «;(«:, This wax is 
found on the bark and twigs of an evergreen tree growing in 
Western China, the Le<jisinim lucUlwm. It is deposited by 
iui insect, the cocc^us pela. The wax is scraped off into boil- 
ing water, when it melts and rises to the surface, from which 
II in skimmed and then poured into moulds. It is a white, or 
,-ieyish- white, libroua and very lustrous wax. It melts at 
s2° C. (180 P.). It consists of the cerotate of eeryl, and has 
the formula C.„Hjj,C0OC.,jH^. It is employed in candle 
making and as a glazing material. Its specific gravity at 
15' C. (60" F.) is 0-970 ; at 100° C, (212° F.), 0-810 (compared 
with water at 15° C). It is rather ditEcult to saponify, and 
requires ti"3 per cent, of KOH, potassium hyilroxide, to do 
so. It ia very slightly soluble in ether, but easily soluble in 
benzene, from which it crystallises on cooling. 

CHINESE WHITE, the artists' name for zinc white. See 
Zinc White. 

CHROMATES are a class of salts derived from the trioxide 
iif chroraiiim, CrlJ^, or rather from the true chromic acid, 
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H2Cr04, which has not yet been prepared in the free condition. 
The chromatew are very valuable substances, comprising many 
useful pigments, chrome yellow, Derby red, zinc chrome, etc., 
while the alkaline chromates are largely used in colour- 
making, dyeing, calico-printing, etc. They are characterised 
by the following properties: In colour they range from 
yellow to red. The alkaline chromates are soluble in water, 
so is the chromate of calcium: but other chromates are in- 
soluble in water. They have a tendency to form three 
classes of chromates, acid, neutral or basic. Acid chromates, 
of which potassium bichromate is an example, tend to be of 
the type R.RCrO^CrOa, in which R represents an equivalent 
quantity of base. It will be seen that the acidity is due to 
the excess of the chromic anhydride. The heavy metals have 
a tendency to form basic chromates of the type RCrO^RO. 
They are powerful oxidising agents, which is due to the fact 
that in the presence of oxidisable bodies they are easily 
reduced, the chromium passing fi-om the acid to the basic 
condition ; it is on this property that many of the industrial 
uses of chromates depend. Many of the chromates when 
boiled with an acid, especially if a little alcohol be present, 
are decompose<l and reduced, the reaction being accompanies! 
by a change of colour from yellow or red to green ; this 
reaction is eminently characteristic of chromates. See Bichro' 
mate of Potash, Chrome Yellow and Derby Red. 

CHROME ALUM. — This salt forms large violet-coloured 
octahedral crystals having the composition KoCr.^4S0^, 24H.X), 
and containing 15*11 per cent, chrome oxide, Cr.,03, P-41 ptT 
cent, potash, K.p, 3203 per cent sulphur trioxide, SO^. 
and 43*24 per cent, water. It is soluble in about 12 
times its weight of cold water and 3 times its weight of 
hot water. It is used in lake making for the sake of the 
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chrome it contaiDs. The value of chrome alum is ascertained 
ill tW same way as testinf; ordinary alum for alumina; too 
larjre an excess of aimnonia iw not desirable, as the chromium 
hydroxide \a slightly soluble, farminfr a violet-coloured liquid. 
Bj' adding soda or ammonium carbonate to solutions of 
chrome alum a green precipitate of chromium oxide is obtained 
— larbonie acid being evolved. The green precipitate is used 
in the manufacture of lakes from natural dyewoods and the 
alizarine series of ci>al-tai- dyus. 

CHROME ORANGE. — An orange pigment which 'is essen- 
tiuliy a iiiixtm'e of the normal and basic chi-oinates of lead 
(see Chromf Yrllitw and Derby Red). Commercial chrome 
"range vaiies in shade from a pale orange to a dark orange 
rvil : besides the ehromates of lead there is often present 
sulphate of lead and sometimes barytes and whiting. When 
only sulphate of lead is pre.seut, the product is considered aa 
a "pure" chrome orange. Tests for chrome orange will be 
_., found described under Chrome Vclltjw. The following are 
^Knalyaen of two samples of " pure '' chrome oranges : — 

H CHROME GREEN This pigment is the oxide of Ihel 

metal chromium, aiift is usually made by fusing together 
bichromate of potash and Iraracic acid. It is a bright gi-een 
powfler, insoluble in water and acids, and not acted on by 
alkalies nor by heat. It is the most permanent green known. 
Chrome gi'eeu should answer to the following tests: It 
, sbuald not impart a yellow colour to dilute hydrochloric acid 
I Ijoiled with that substance, a yellow colouration might 



Water and volatile matter . 3'26 1-27 

Lead chromate. PbCrO, . 60'31 5y-67 

Lead oxide and hydrate . 35'47 39'47 
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indicate the presence of chrome yellow or of potassium bichro- 
mate, which would be due to defective washing. When 
boiled with caustic soda, no apparent change should take 
place. The liquor should be divided into two portions ; to 
one add acetic acid, when no yellow precipitate of chrome 
yellow should be obtained ; to the other add hydrochloric 
acid and ferric chloride, when no blue precipitate indicating 
the presence of Brunswick green should be obtained. See 
Guvjnefs Green, 

CHROME RED. — A name given to Derby red. See Derby 
Red. 

CHROME YELLOW. — A very valuable pigment consisting 
essentially of the chromate of lead, PbCrO^. The chi-ome 
yellows are made in a great variety of tints varying from a 
pale " primrose " yellow, through *' lemon " and " medium " to 
a "deep" chrome yellow of a gold shade. Most chrome 
yellows, more especially the paler tints, contain lead sulphate, 
which acts as a toning colour and reduces the tint of the 
pigment; such pigments are considered as "pure" chromes 
from a commercial point of view. A. common class of chrome 
yellows are made which contain barytes, gypsum or china 
clay as a tinting colour. Occasionally white lead is present. 

The lead chromes are pigments of considerable brilliance 
of hue, while their staining or colouring power and body or 
covering power is great, being -superior to that of any other 
yellow pigment. When well made they are fairly durable 
pigments, resisting exposure to most atmospheric influences. 
Sulphuretted hydrogen and sulphur compounds tend to turn 
them black, owing to the formation of sulphide of lead. 
Generally the chromes may be mixed with other pigments 
without being ati'ected or bringing about any change, the only 
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csccptions beinj; with such colours aw ultrainaiine and I 
ca'lniium yellow which contain sulphur; i^iich mixtures have J 
a temloncy to change theii' shade, hecouiitig darker. Chrome.g 
yellows Ciiiiuot be used with silicatt; of soJa, lime or othei 
\uc\vti of a highly liauic or alkaline character, inasmuch aa-^ 
I they tend Uj turn orange or n^il. 

e yellowB, oranges and i-eds, ou accnunt of the great | 
TEiwty of tints in which they occur and of no two makers' 
ahadett being exactly alike {even if they bear the same name), 
should be examined for the tint, covering powei' oi' body and ' 
staining power by the well-known methods. A chemieal 
analysis of chrome yellows in rarely required ; when such ift 

(eaav the following scheme may be used : — 
Pwr J/ots(*4rrt.— Weigh out i grammes, dry in an air oven 
10' to 120° C. for a few hours, then weigh. The loss of 
At gives the amount of water present. 
for Lfad. — Weigh out 2 grammes of the chrome, add 10 
;6 c.c of strong Kulphurie acid, heat until the chrome is 
eompletely decomposed, then allow to cool, dilute with water, 
add a little alcohol, filter and wawh the precipitate well. 
mixing the first wash waters with the main filtrate. Then 
dr>' and weigh the precipitate in a porcelain crucible. This 
precipitate or residue will, if the chrome he pure, consist of 
lead sulphate, PbSO, ; but if the chrome contains barytes or 
china clay the residue will contain those liodies also ; the 
amount of these (as ascertained by another experiment) 
is deducted from the weight "found, to obtain the weight of 
lead sulphate pi-esent. By multiplying the weight of lead 
[pliate by 0'736 the amount of lead oside it contains may 
Eertained. 
■ Chrortiitini . — Boil the filtrate from the lead sulphate 
it is free fi-om alcohol, then aild ammonia in slight 
, Iwil the mixture well until the liiiuor is colourless* 



102 CHROME YELLOW. 

filter, wash, dry and weigh the precipitate of chromium oxide 
which is obtained. By multiplying this weight by 4*23 the 
amount of lead chromate in the sample may be calculated. 
By multiplying by 2*9 the corresponding weight of lead 
oxide can be calculated. 

For Lead Sulphate and Barytes. — Weigh out 2 grammes 
of the pigment and boil with strong hydrochloric acid until 
the chrome is completely decomposed ; any insoluble matter is 
barytes or china clay ; this is filtered oft*, washing thoroughly 
with l)oiling water, then dried and weighed as usual. The 
filtrate is then boiled and barium chloride is added ; this 
throws down all the sulphate present as barium sulphate : the 
precipitate is filtered off, well washed with boiling water, 
dried and weighed. From its weight the quantity of lead 
sulphate can be calculated by multiplying by 11 6. It is 
important in the operations here noted to filter while boiling 
and to wash with boiling water. 

For Whitimj. — If this be present the amount may be 
ascertained by taking 2 grammes, treating with dilut^ nitric 
acid, filtering oft' any insoluble matter, then adding ammonia, 
filtering ott' any precipitate which may be obtained : then 
adding to the filtrate a few drops of ammonia sulphide to 
throw down any lead which may be present, filtering this oft' 
and adding ammonium oxalate to the filtrate : the mixture is 
placed on one side for twelve hours to allow the calcium 
oxalate time to settle out ; then the precipitate is filtered .oft*, 
washed, dried and weighed ; its amount gives at once that of 
the whiting or calcium carbonate present in the sample. 

For Gypsum. — If this be present its amount can be esti- 
mated as follows : Take 2 grammes and lx)il well with 
moderately dilute hydrochloric acid ; then add dilute sul- 
phuric acid to the mixture, filter oft* any precipitate which 
may be obtained, then add ammonia (should any precipitate 
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e down, tilter it ot\) aud ammoDium oxalate tu the filtrate ; 

< throws dowu the t^lciuin ah oxalate ; the precipitate is 
flollectetl, washed, drieil aud weighed, and from the amount of 
calcium carbonate ao obtained the weight of calcium sulphate 
can be calculated by multiplying by 1-36. 

The following are some analyaea of " pure " chrome 
[ligmentH made by the author : — 

L AXALYSES OF " PURE " ChKOME PkjMENTS. 



"Pure" "'Puta" ■" I'ure" i " Pure" 
I Primnw* Pile MirtiUs | Ddop OraiigB 

Cbronie. t^romt. t^irotoB. , Chrome. "' 



Witter and volatile 

matter 
Lead ihromftte.pljCrO, 
Lear! Buli.hate. PhSO, 



«-fl4 2-i;8 I-8« 

57 tW S8-3!l 77 -M 
■.mm 38-<t3 2(l-47 



in-74 



3-42 

W-30 
32-28 PbO 



C'ologiie yellow and American yellows are nimpiy clirome 
Hows made in a particular way. American yellows some- 
iDes contain alumina from having been made with alum. 

CHROMIC ACID is the commercial name of the chromium 

[oxide or chromium anhydride, CrO^, which is prepared 

, potassium bichromate by means of sulphuric acid. It 

'; in carmine-red, rather small crystals which are some- 

lat hygrascopic and easily soluble in water ; this solution is 

a character and reacts witli caustic potash and soda tor 

r basic solutions) to form chromateM ; the solution in 

tater may be regardeil as one of true cluomic acid, H^OrOj, 

} existence of which in a free condition ha^" not yet been 

initely ascertained. It is a powerful oxidising agent owing 

I the facility with which it can be reduced to the basic 

mditioQ. <.)n this account it is employed in the preparation 

many organic compounds, alizarine, etc Heated with 
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sulphuric acid it is gradually decomposed, oxygen being 
evolved and chromium sulphate formed. Heated with hy- 
drochloric acid, chlorine is evolved and chromium chloride 
formed. 

CLAY is the name given to earthy depasits found in a 
great many places. It is soft and unctuous to the touch ; 
when moistened with water it develops great adhesive pro- 
perties and can be moulded into a variety of forms. Clays 
are sedimentary deposits found in layers in other rocks of 
all ages. Chemically they consist essentially of hydrated 
silicate of alumina (see China Clay above), but in combina- 
tion with other substances, such as lime, magnesia, oxide of 
iron, potash, etc. In colour they vary very considerably ; 
some are white, others grey, some yellow, some of a bluish 
tint. 

They are supposed to be derived from the decomposition 
of the felspathic constituent of granite or similar rocks. The 
felspar of these is a double silicate of alumina and potash 
or other alkaline metal : when exposed to the destructive 
influences of the weather, the carbonic acid and water gradu- 
ally bring about the decomposition of the felspar ; the alkaline 
constituent is dissolved away in the form of carbonate, while 
the silica and alumina unite with water to form a hydrated 
silicate of alumina ; if this remains in the place where it is 
formed, then it keeps fairly pure and forms china clay or 
kaolin ; while if it be washed away and deposited in some 
other place along with other constituents, it then forms the 
basis of the numerous deposits of clay. 

Clays when heated to 100' C. (212' F.) lose their hygro- 
scopic water, but the dried clay will again re-al)sorb it when 
brought into contact with water. If heated to a red heat, 
they lose their water of hydration ; those which contain oxide 
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of iron or iron miuerals, change colour, turning red, a change!! 
which is seen during the making of bricks, red pottery, etc. , 
Tlie i?SttCt tint depends upon the amount of iron present ; and 
may raiifce Ufim a, cream or buff, when the proportion of iron 
in from 1 to IJ per cent, to a light red with 3 to 5 per cent., 
or a dark red with larger quantities. Much, of com-se, depends 
upon the character of tlie other constituents in the clay. 
Clays which contain much lime, magnesia, potash or soda, 
are liable to fuse or melt when sti-ongly heated, while those 
containing an excess of silica are not so liable to fuse. 

Plnstiedty is the most essential feature of clays, and unless 
they jKwsess this Feature in a marked degree they are not 
sf-rj' serviceable. 

There are many varieties of clays, not differing much in 
tli-.-ir chemical composition, and showing a tendency to pass 
by umall degrees one into the other. China clay has already 
been dealt with ; pipe day will be found described Further on 
(see Pijtt Cltty), and other clays are noticed below. 

■ The followiny; are some analyses uf fire clays : — 
Analyses of Fire Clavs. 



' 



Silica, 9iOj. . 
Alumina, Al^, 



IJni.' 



K.jO . 

Iron nviile, Fe,Oj . 
Pli'wpharicacid . . 
VVaier'i-ombined) . 
„ I hygroscopif) 
OrKiitiic mtiCter and 



SiourlTidge 


DowUi« 


Ethorley 






Clay- 


Per Ceiil, 


Pet C'enl. 

ri7I2 


PcrCelit. 


tSS'lO 


G5-»l 


22-20 


2M8 


27-50 


OIH 






0-14 


yyi2 


032 


0-lB 




81 


HIS 


I->*5 


1-01 


0-06 






7-10 


7'41 


12'42 


218 




— 


.1-..8 







(ileuboit! 


Ei8B.i,herg 






P«rCoiil. 


P«r Cent. 


57-57 


6472 


20-35 


24-02 


0-55 


0-40 


0-flO 


0-37 


0-48 


2-40 


1-33 


0-87 


13-75 


7-38 


- 


- 
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Fire Clays are deposits of days of a very refractory 
nature, usually found underlying seams of coal, and hence 
frequently known as under clays. They vary a little in 
colour, but usually have a greenish-grey tint, which, on long 
exposure to the air, tends to turn yellowish. The best known 
fire clays are those found at Stourbridge in Staffordshire, but 
similar clays are also found in other counties. Fire clays 
should be as free from lime and magnesia as possible, as the 
presence of these bodies detracts from their heat-resisting 
properties. 

Pottery Clays. — A good many deposits of clay are found 
which are extensively employed in the manufacture of common 
earthenware articles, flower pots, mugs, pans, etc. These are 
known under a variety of names. 

Ball or Plastic Clay is much used for the cheap wares 
which are glazed with salt. One such clay had tlie com- 
position : — 





Per Cent 


Silica .... 


66-68 


Alumina 


26-08 


Oxide of iron 


1-26 


Lime .... 


0-84 


Magnesia . 


trace 


Water 


5-40 



A sample of red clay much employed for making the brown 
earthenware contained : — 

Per Cent. 

Silica 49-44 

Alumina .... 84-26 

Oxide of iron . . . 7*74 

Lime 1*48 

Water .... 5-14 

Magnesia . . . . 1-94 

The common yellow clay found in so many places has the 
composition shown in the following analysis : — 
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Per Cent 


Silica . 


58-07 


Alumina 


27-38 


Oxide of iron 


3-30 


Lime . . . . 


0-50 


Magnesia . 


trace 


Water 


10-30 



It is probable that in many of the yellow clays, and in 
some others, the iron is present in the ferrous condition to 
a great extent. 

Blue Clay is a clay of greyish colour which is much 
employed in the making of common pottery ; it burns white 
or nearly white, and has the composition shown by the follow- 
ing analysis : — 





Per Out. 


Silica . 


46-38 


Alumina 


3804 


Oxide of iron 


1-04 


Lime . 


1-20 


Magnesia 


trace 


Water 


13-57 



Marls are clays containing a large proportion of carbonate 
of lime ; they are sometimes employed in making common 
pottery. 

Chemical Analysis of Clays. — Before making an analysis, 
the sample of clay is allowed to dry by exposure for twenty- 
four to forty-eight hours to the air, then it is powdered as 
finely as possible. 

Fitr Hygroscopic Water. —Two grammes of the clay are 
weighed into a small crucible and kept in a hot oven at 
from 100° to 110° C, until no further loss of weight is 
experienced. The loss is the hygroscopic water. The sample 
of clay may now be strongly heated over a Bunsen burner 
for an hour and then reweighed. The loss shows the amount 
of combined water. 
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For Silica, Alumina, etc, — Two grammes of the powdered 
clay are heated in a basin with an excess of strong sulphuric 
acid for eight to ten hours, after which the solution or 
substance is evaporated to dryness. When cold, the residue 
is boiled with water and the mixture filtered. The insoluble 
matter (which consists of the sand, free hydrated silica and 
the silica which was in combination with the alumina of 
the clay) is washed with w^ater, dried and weighed. It is 
then boiled with a solution of sodium carbonate, which dis- 
solves out the free and combined silica, leaving the sand, 
which is then filtered off, washed, dried and weighed : the 
weight so ascertained gives the weight of the free and com- 
bined silica. Titanium oxide is sometimes present in clays, 
and is found in the insoluble residue from the sulphuric acid. 
It may be estimated by taking the residue from the sulphuric 
acid with a mixture of hydrofluoric and sulphuric acids, when 
the silica is converted into silicon fluoride and passes away 
The residue is then fused with potassium bisulphate, dissolved 
in cold water, and, after filtering ott* any insoluble matter, 
precipitating the titanium oxide, filtering, drying and weigh- 
ing. It is rarely, however, that an estimation of the amount 
of titanium oxide in clays becomes necessary. 

The solution from the residue of silica is taken and an 
excess of lead nitrate added, which causes the precipitation 
of lead sulphate ; the mixture is allowed to stand for some 
time, then filtered, and the excess of lead in the filtrate 
thrown down by sulphuretted hydrogen : the lead sulphide 
so obtained is filtered oft', the solution evaporated to dryness 
and the residue ignited until all the nitric acid is decompased. 
What is now left consists of alumina, ferric oxide and the 
nitrates of calcium, magnesium, and of the alkali metals. It 
is treate<l with hot water and the residual alumina and ferric 
oxide filtered ott*, <lried and weighed. To determine the pro- 
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pfjrtioii of iron oxide, the residua is digested with strong 
iiydrochlorie acid until dissolved, then pure caustic potftsh 
:- :)dded in exc«88 and the mixture boiled, then filtered, and 
I- residual oxide of iron well washed, dried and weighed ; 
iIj-' weight deducted from that found for the iron and 
.iliimina together gives the weight of the alumina above. 

To the filtrate from the alumina and iron, ammonium 
tjsalata is added, and the mixture allowed to Mtand for twelve 
huun* ; ihe lime is thereby thrown down in the form of 
calcium oxalate ; this is tiltered otf, washed, dried and weighed, 
•-it.her as carbonate or oside of calcium. The filtrate from the 
L-:ildum oxalate precipitate is evaporated down to dryness 
;irid htiated until all ammoniacal fumes have Ijeen given oH"; 
.1 little oxalic acid and water is added, and the mixture 
■■v,iporat-e<Mown and ignited, whereby the magnesium present 
i-- couve.rted into oxide, and the alkaline constituents into 
carbnnatt^ ; the residue is treated with water, the insoluble 
magnesia filtered off and weighed, while the filtrate is acidified 
with hyiirochloric acid and, after evaporation, the alkalies 
pi<_-sent are weighed as cliloridea. See How (» Analysf Clay. 

COAL BLACKS, black pigments prepared from cuaj and 
coal shale by grinding. They are but little used. 

COAL-TAR COLOURS.— There are now a great variety 
of dyer^turts and eiilouring mattem made from coal tar, or 
rather fn>m various products which are derived, directly or 
in'iirectjy, from coal tar ; those which are commercial pro- 
ducts number hundreds, while the number of known colouring 
matters must be considerably over a thousand. According to 
tlieir chemical composition they may be divided into the 
following groups :— 

I. Nttro Colours. — ^Thia group of dyestuHs is characterised 



J 
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by containing the group NO.,, and includes thase prepared 
by treating phenols and amines with nitric acid, such as 
picric acid, Naphthol yellow, Victoria yellow, Aurantia, etc. 
They dye animal fibres from acid baths, generally in various 
shades of yellow or orange, the shades not being remarkable 
for fastness to light, etc. They may be used for colouring 
varnishes, oils and similar products, but do not make lake 
pigments. 

2. Azoxy Colours. — This group is but a small one, and is 
characterised by its members containing the group 

_N N— . 

O 

Sun yellow and Mikado orange are the best known repre- 
sentatives of this group. They dye all fibres without a 
mordant, in shades which possess a certain degree of fast- 
ness. 

3. Hydrazine Colours. — There is only one known member 
of this group, Tartrazine, which contains the group -=N — NH. 
Tartrazine is an acid-dyeing colouring matter. 

4. Azo Colours. — This is by far the largest and most im- 
portant group of dyestutfs known, and the number is being 
continually added to. The group comprises dyestufFs capable 
of dyeing all textile fibres in almost every known shade and 
of every degree of fastness ; the group comprises among its 
members some of the fastest and some of the most fugitive 
dyestuffs known. The group may be subdivided into several 
sub-<^oups of colouring matters whose properties as dyestufis 
vary considerably. 

The azo colours are characterised by containing the pecu- 
liar group of two nitrogen atoms represented in the formula 
— N=N — the azo (/roup as it is called. Some dyes contain 
one such group, when they are called the monoazo dyes; 



COAL-TAR COLOURS. Ill 

otbers contain it twice, and of such there are two divisious, 
one known as the disazo colours and the other an the tetrazo 
colonrs, the latter heinj; derived from diainineH. Other dyes 
contain the group three times, and are known as triaco 
colours, while a, few are known which have four azo groupH, 
ami are called Mrakisazo coIoiu'h, The azo colours are 
firond fi-om amines or amido compounds, which contain the 
!:i\>ap XHj, monaraines when it occurs once, or diamines when 
if (iccurs twice. The aromatic amines and amidu compounds 
liave the property of becoming; diazotlsed as it in called when 
they are treated with a mixture of sodium nitrite and hydro- 
chloric acid in the cold, the nitrogen atoms of the amido 
^Tfjup on the one hand, and of the nitrous acid from the 
nitrite on the other, combine to form the azo nitrogen group 
previously sixjken of. Thi.s group of two atoms is a fairly 
stable one. If uiiitetl on the one hand with an aromatic 
radicle and on the other with chlorine or nitroxyl, hy its 
two free affinities, it forms the compounds known aa diazo 
' 'iiipirunds, and it is on this account that the operation is 
-[-jken of as diazotisation. The diazo bodies are unstable, 
' lit they possess the property, when brought into contact with 
■ ilutionK of phenols or amines and their compounds, of com- 
I lining with them and then forming the azo compounds, most 
if which are colouring mattei-s. 

The azo dyes can be ilividt^d into the following siib- 
groops: — 

(ill Atitidii Azi> Di/es. — This gi-oup is small in number. 
Its members are characterised by containing one or more 
free amido gi-onps. which imparts to them basic properties. 
Tliey include Aniline yellow, Bismarck brown and Chrysot- 
(Jine. These dyestutb are applied to cotton which has l)oen 
jireviouslv mordantcl with tannic acid, while they dye woo! 
silk and all other animal fibres directly. They are precipi- 
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tated by means of tannic acid, and, therefore, they may be 
used to make lake pigments. 

(6) Azo Dyes Proper. — These are very numerous. They 
dye wool and silk from acid baths ; they have little affinity, 
if any at all, for cotton. Many of them are precipitated from 
their solutions by such metallic salts as lead acetate, barium 
chloride, sulphate of alumina, etc., and hence may be used 
for making lake pigments. For this purpose those dyes which 
contain only one sulphonic group, HSO3, S^^^ ^^^ best results. 
It may be mentioned here that two classes of azo dyes are 
known. One, the simplest, includes the substances (in- 
sohible in water) which are produced by diazotising an 
amine and combining the product with a phenol or an amine. 
These are not used as dyes, because it is essential that a 
dy(^stutf* should be soluble in water ; they might be employed 
as lake pigments, but hitherto little if anything has l)een 
don(» with them in this direction. The soluble azo dyes are 
essiMitially produced from the insoluble ones by sulphonating 
them or by using the sulpho acids of the amines or phenols 
in making them. 

(r') Direct Dj/rinif Azo Golours. — This class, which is now 
a numerous one, {K)ssesses the property of dyeing cotton and 
()t.ht*r V(»getahle fibres without a mordant, as also wool and 
silk from neutral baths. Most members of this sub-group are 
derived from diamines, like benzidine, tolidine and similar 
biiHos, hut otluM- amido compounds yield them. On what 
featuiv in tht»ir composition or constitution this power of 
directly dyeing cotton ilepends has not yet been satisfactorily 
(VMtablisluul. 

(</) Monhtnt Dj/eiiuf Azo Coloicrs. — A small but increas- 
ing group of azo colours which have the property of forming 
insoluble colour lakes with chromium, aluminium and iron 
mordants, and are in consetjuence much used in wool dyeing 
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IN'! calico printing: they may be used in lake making. This 
iib-;n^up includes such dyew an Alizarine yellow, Diamond 
yt-llow. Chrome yt-Uow, Chrome green, Chrome refl. etc, 

5. Nitroso Colours, — This ciaas of dyestuHs is a small one, 
and is characterised by containing the group NO. It includes 
Huch iiyen aH Oambine, Resorcine green, Dioxine, Naphthol 
green li. With the exception of the last named (which is 
an acid-dyeing colour) they are mordant-dyeing colouring 
matterti, and are applied in wool and silk dyeing and in culico 
printing with the aid of chromium and iron mordants. They 
may alno he used in making lake pigments (which, however, 
an- not very bright! with the aid of chromium and iron salts. 

tt. Oxyketonfl Colours. — A group of dyestuHs comprising 
AliKBrinv yellow. Anthracene Yellow, Galloflavine, Alizarine, 
Anthragallol, etc, which contain one or two ketonic groups 
of Cl> atoms with two or more gi-oups of hydroxyl, HO 
atouv*. These ilyeitntls possess little or no colour of them- 
Helves, but they form with metallic oxides (like those of 
vhmmt^ ii'on or alumina) insoluble colour lakes, bence they 
»rf' extensively employed in dyeing wool, silk and cotton and 
in printing textile fabrics: they give colours which possess a 
ligh itegree of fastness to light, air. etc. They may also be 
inploywl in making lake pigments with the aid of chromium, 
alumiiiiuin or iron siilti. 

7. Diphenylmelhane Colours.^A small group eompi-ising 
Auraiuine. Acridine red and Pyronine, which are derived fi-om 
the base diphenylmethane, CHj(C,,H^).^. They are basic colour- 
ing inwlters, dyeing tannin- mordanted cotton, while wool and 
silk are dyed tlirect. With tannic acid they give precipitates 
sii ijiat they may he used for making lake pigments. 

H. Rosaniline Colours.— A series of dyewturts of a basic 
cluiracter dyeing tannin -mordanted cotton, while the animal 
tibren are dyed directly from neutral baths. This group 
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Acridine yellow, Phosphine, Benzoflavine, which contain the 

CH 
group ,^ I "\. These dyes are applied to the various 

^^ 

fibres in the same manner as other basic dyes. 

14. Thiobenzene Colours. — A group of dyes many of 
which are capable of dyeing cotton direct, while others 
have basic properties. They contain sulphur. Thioflavine, 
Primuline, and one or two others belong to this group. 

15. DyestufTs of Unknown Composition. — Canarine, New 
grey, Nigrosine, Phenyl brown, and a few others are included 
in this group. 

Independently of their chemical compasition, and having 
regard more to their practical application in textile colouring, 
etc., the coal-tar colours may be divided into four groups, as 
follows : — 

1. The Benzidine or Direct Dyeing Colours, whasc char- 
acteristic feature is that they will dye unmordanted cotton 
from a boiling bath of salt or other alkaline compound. As 
a rule, this class of dyestufls, which comprises such dyes as 
Benzopurpurine, Titan scarlet, Titan yellow, Diamine red, 
Diamine brown, Oxyphenine, Clayton yellow, Tunnerine, 
etc., cannot be used in the manufacture of lake pigments 
because many of them, c.gr., Congo red, Benzopurpurine, 
Azopurpuriue, Chrysamine, etc., are much changed in shade 
by metallic salts, while as a whole they are rather fugitive 
to light. Their solubility in alcohol is but slight, so that 
they cannot well be used for colouring spirit varnishes. 

2. Basic Colouring Matters. — This is a most important 
group of dyestuffs ; the special characteristic of its members 
is that while they will dye wool and silk directly from neutral 
baths, they require cotton and other vegetable fibres to be 
mordanted with tannic add. This group of dyes includes 
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Magenta, Safraniue, Binniarck brown, Nifjrosin*, Soluble blue, 
Nile blue, Basle blue, ThioHavine T., Ben zotla vine. Auramiiie, 
Chrysoidine, Phoaphine, Qainotine yellow, Rhodamine, Methyl 
green, Paris violets. Methyl violet, Liduliue, etc. These dyes 
give precipitates with tannic ociil, anti hence may be used 
for making lake pigmenta. They are usually easily soluble 
in alcohol, and are therefore very much used in colouring 
spirit varnishes, lacijuera, etc. Generally they are not soluble 
in petroleum or turpentine or oil, hence thoy cannot well be 
used for colouring oi! varniahes ; but the free bases of some 
of them have the property of being Holuble in oil, and tliese 
are made as commercial articles and sold as oil colours for 
colouring fatty inatterM and oil varnishes. Some of the dye« 
of this group (Induline, Nigrosine, Opal blue. QuinoUne yellowH 
occur in two forms, one insoluble in water hut soluble in 
spirit, the other soluble in lx)th water and spirit. The first' 
variety is often used for colouring spirit varnishes. 

3. Acid Coiouring Matters, — The dyeatutiW of this group 
are characterised by dyeing wool and silk in acid baths , 
they have little or no aflinity for cotttin and other ve^- 
table fibres. They are divisible into .several sub-groups P 
follows : — 

(ffl) The Eosines, a class of colouring matters derived from 
fluorescein, and characterised by dyeing scarlets of various 
hues of a very bright character, which are. however,_ rather 
fugitive. They are readily soluble in alcohol and water, au'l 
their solutions are charaeteriseil (especially the alcoholic oneal 
by having a strong fluorescence, varying in tint and streugtli 
with different eosines. Thus Eosine G. has a yellowish-green. 
Safrosine, a faint yellowish -green, Phloxine a light green. 
Erythrine a green-yellow. Eosine J. a strong greeu-yellow, 
Cyanosine an orange-yellow, and Chiysoline a yellowish-greeu 
I both the aqueous and alcoholic solutions, tbe 
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fluorescence in the latter case being the strongest. Rase 
Bengale has no fluorescence in the acjueous solution, but 
a strong golden-yellow one in the alcoholic solution. Eryth- 
rosine has only a trifling fluorescence. They dye wool and 
silk in colours which are very bright, but very fugitive to 
light. With metallic salts (like lead acetate, sulphate of 
alumina, and acetate of chrome) they form colour lakes, and 
hence are applied in calico printing by using metallic salts 
like those named. They are much used in making such pig- 
ments as vermilionettes, royal reds, imperial reds, etc., using 
lead acetate or sulphate of alumina as precipitating agents. 

(/>) Nitre Colours are exemplified by Naphthol yellow, 
picric acid, Aurantia, etc. They are mostly yellow or orange 
dyes, and are used in dyeing lx>th silk and wool ; they are 
also employed in colouring varnishes, being solul)le in alcohol 
anrl oil. 

(c) Acid Colouring Matters comprise Acid Magenta, Acid 
green, Acid violet, Acid blue, etc. They are mastly sulphon- 
ated basic dyes capable of dyeing wool and silk from acid 
baths. Some of them can be precipitated by barium chloride 
or by a mixture of barium chloride and tannic acid ; they 
can, therefore, be employed in making lake pigments. Some 
of them are soluble in alcohol and oil, and may therefore be 
used in colouring varnishes. 

(d) Azo Colours. — See page 110, where this class of 
colours are mentioned. It may be added here that, being 
soluble in alcohol, they may be used in colouring varnishes 
with good results. 

4. Mordant-dyeing Colouring Matters. — Alizanne, Galleine, 
Anthracene brown, Oambine, Dioxine, Chrome Bordeaux, 
Chrome violet, Galloflavine, etc., belong to this group. See 
oxy ketone colours, page 113, and mordant-dyeing azo colours, 
page 112. 
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The following table shows the solubility of many of the 
coal-tar colours in alcohol or methylated spirit : — 
1. Colouring matters soluble in water and spirit : — 



Magenta 
Cardinal 
Erythrosine 
Safranine 
Methylene blue 
Picric acid 
Curcumine 
Metanil yellow 



Acid magenta 

Cerise 

Rose Bengale 

Coccine 



Vesuvine 
Rubine 
Methyl eosine 
Phloxine 
Navy blue 



Peacock blue 

Naphthol yellow Phosphine 

Brilliant yellow Auramine 

Methyl orange Chrysoidine 

Hofmann violet Regina purple Methyl violet 

Malachite green Brilliant green Acid mauve 
Bismarck brown 



Iodine green 
Crimson 
Eosine 
Corallin 
Benzyl blue 

• 

Aurantia 
Chrysophenine 
Mandarin 
Acid violet 
Methyl green 



2. Colouring matters soluble in water only :■ 



Congo Heliotrope 

Congo eorinth Brilliant blue 

Brilliant congo Wool blue 

Benzopurpurine Black blue 

Deltapurpurine Benzoazurine 



China blue 
Regina violet 
Azo violet 
Fast brown 
Acid brown 



Brilliant scarlet 
Acid yellow 
Resorein yellow 
Quinoline yellow 

Azo acid yellow 



Roseaz urine 
Hessian purple 
Fast reel 
Archil red 
Ponceau 
Scarlet 
Azo rubine 



Azo blue 
Guernsey blue 
Hessian blue 
Water blue 
Bavarian blue 
Capri blue 
Alkali ))lue 



Resorein brown Chrysamine 
Guinea green Hessian yellow 



Aniline grey 
Nigrosine 
Silver grey 
Wool black 



Curcumein 
Orange 
Rubine S. 
Nacarat 



Some of these colours are soluble in spirit, but their degree 
of solubility is too slight to be of much service. . 

3. Colouring matters soluble in spirit only : — 

Rosanilino base Aurine Soudan Spirit blue 

Nigrosine, spirit Malachite green Brilliant black Induline, spirit 



soluble base 

Humboldt blue New violet 



Ebony Black 
Auramine base 



soluble 



4. Colouring matters soluble in oil : — 

Rosaniline base Violet base Soudan I. 

Magenta base Auramine base Picric acid 

Oil yellow Oil violet Oil orange 

Butter yellow Oil brown Oil scarlet 



Soudan II. 
Oil green 
Oil crimson 



COAI-TAR NAPHTHA. 
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Practically none of the coal tar colours arfs aohible in 
■oleum or petroleum spirit, or in turpentine. 
For a fuller account of the composition and propei-ties of 
coal-tar colours, the reader is refeiTed to Knecht &i Rawson's 
Manual of Dyeinif, nnd to the author's DiclUmari/ of CoiU 
Tar Colours. For a description of the methods of using 
them for making lake pigments, reference may be made to 
liii- author's MaviMil f>f Painters' Colours. Oils and Var- 



COAL-TAR NAPHTHA When coal tar is distilled the 

first jB.riions ol' the distillate, "tirst runnings " as they are 
lAlled, iw a light pjile -coloured and rather volatile liquid. This 
when ilistilled yields benzols and " Tiaphtha," four fractions 
Iteing usually obtained. 90's benzol, 50/90's benzol, solvent 
naphtha and burning naphtha ; sometimes other fractions are 
produced, inasmuch as the practice of tar iHstillers varies 
somewhat. 

Burning naphtha has usually a specific gravity of 0*880 to 
0-887, and is largely employed for burning in costennongers' 
lamps, although for this purpose it has been largely displaced 
liy i>etroleum. 

Solvent or coal-lar naphtha is largely employed in the 
rubber industry, in varnish making and paint making. As 
commonly sold it is a water-white liquid, with occasionally a 
yellow tint ; it has a peculiar and characteristic odour. Ita 
■specific gravity varies fi-om 0865 to 0877. On being sub- 
jected to distillation it gives from 8 to 30 jK^r cent, of 
ilLitillate below 130" C, while generally 90 per cent, distils 
holow IttO' C It is very inflammable, burning with a luminous 
but smoky flame. The flash-point is about 120° F. It ia 
with ether, alcohol, turpentine, peti-oleum spi 
e naphtha and other similar liijuids. It is a good solv 
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for oils, fats, resins, waxes, and is almost the only solvent for 
coal-tar pitch and pitches in general. 

In composition it is very complex, but it consists chiefly 
of the three isomeric ortho-, para- and meta-xylenes, C^Hj^, 
cumenes, C^jHjg, small quantities of paraffins and olefins, and, 
occasionally, a little naphthalene. Sulphuric acid has little 
action on coal-tar naphtha ; strong nitric acid has a powerful 
action and converts the coal-tar hydrocarbons into uitro 
derivatives, nitro xylene, CyHj^NO^. nitro cumene, etc. Hydro- 
chloric acid, caustic soda and caustic potash have no action on 
coal-tar naphtha. 

Commercial coal-tar naphtha is often adulterated by 
petroleum, or shale spirits, or bj'^ petroleum and shale- 
burning oils ; in such cases the specific gravity is materially 
reduced. The addition of petroleum or shale spirit causes 
it to distil at lower temperatures, and the rise of tempera- 
ture during the operation is rather more regular. The 
addition of burning oils raises the temperature of distillation 
somewhat. 

The best method of examining coal-tar naphtha for ite 
quality is by distillation. A method commonly used is the 
following : 100 c.c. of the naphtha to be tested is measured, 
by means of an accurate glass measure, into a tubulated 
retort of 200 c.c. capacity, through the tubulure of which a 
thermometer is inserted, the bulb of which reaches within 
three-eighths of an inch from the bottom of the retoi-t. The 
beak of the retort is connected with a Liebig's condenser and 
the distillation is carried on by means of a Bunsen burner. It 
is best to set the retort in a deep sand-bath, so that, if the 
retort should crack, the naphtha will be run into and be 
harmlessly absorbed by the sand ; whereas if the retort was 
heated directly by the flame of the burner, a disastrous ettect 
would be produced. The temperature at which the first drop 
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fails from the end of the condenser is noted ; this, with 
naphtha, usuatiy occurs at about 110° C. ; then the rate of 
diHtillation in noted : at 120" C. about 20 per cent, will usually 
distil over, at 130° 0. about 60 per cent., at 140° C, about 72 
per cent., while 90 per cent, usually distilM over below 150" C. 
Anothei- plan is to note the temperature at which each 10 c.c. 
of distillate comes over. In thitt case the results will be 
oomethin^ like the following: 10 c.c. or 10 per ceut. at about 
128" C. 20 per cent, at 130' C, 30 per ceut. at 132° C, -10 per 
cent at 135° C, aO per cent, at 137" C, tiO per cent, at 
U0° C, 70 per cent, at 145° C, 80 per ceut. at 148' C, 90 
(X-T cent, at 1-50° C. Addition of petroleum or shale spirits 
will iucrea.se the proportion of spiiit or naphtha distilled at the 
lower temperatures (see Bemoline) ; while the addition of 
petroleum or shale-burning oila will increase the proportion 
distilling at high temperatures. Sometimes the makers take 
out the lower Imiliug portions of tlie naphtha and thereby 
atfect the dLstitlation test somewhat. 

The addition of paraHiu or petroleum proilucts to coal-tar 

naphtha may be detected as follows : Take 50 c.c. of the 

sample and treat with a well-cooled mixture of nitric and 

snlphuric acids ; this converts all the coal-tar hydrocarbons 

into uitro compounds, while the paraffin or petroleum liyflro- 

uarlions are unatiected. When all action has appaivntly 

ceaMed pour the mixture into water; the nitro compounds 

will sink to the Ixiltom, leaving the paratEn or petroleum 

I Jiydrocarlwns on the top of the water ; they may then be 

kollected and measured. It should be pointed out that tind- 

[ ing only a small amount of such unchanged hydrocarViona 

does not tit>cessarily indicate adulteration, as coal-tar 

naphtha naturally contains small quantities of paraffin 

hydrocarbons. 
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COBALT BLUE. — ^This pigment is a compound of the 
oxides of alumina and cobalt, its average composition being 
shown by the following analysis : — 

Per Cent 

Water .... 3-07 

Alumina, Al^Og . . . 80-80 

Cobalt oxide, CoO . . 15-13 

Alkaline salts . . . 1-00 

It is a pigment of a very fine greenish-blue tint ; there is, 
however, a tendency for it to assume a violet tint under the 
influence of gaslight. It is quite permanent when exposed 
to light and air, and hence is largely used by artists, especially 
by workers in water colours, inasmuch as it gives better 
results with water as a vehicle than with oil. Cobalt blue 
can be mixed with all other pigments without affecting them 
or being altered by them in any way. Neither alkalies nor 
dilute acids have any material action on it, but a solution can 
be obtained by long digestion with strong hydrochloric acid. 
On being heated with strong sulphuric acid for some time it 
is decomposed, a violet solution and a white powdery residue 
being obtained ; on dilution with water the latter dissolves 
and a clear blue solution is obtained, which can be examined 
by the usual analytical methods. 

Cobalt blue has been known under a variety of names, 
such as Thenard*s blue, Gahns ultramarine, cobalt ultra- 
marine, etc. 

COBALT CARBONATE is used in the colouring of pottery 

and glass. It is sold in the form of a pink powder, which 

contains : — 

61 to 62 per cent, cobalt oxide 

36 to 37 ,, ,, carbonic acid 



3 to 1 ,, ,, water 



It should be entirely soluble in hydrochloric acid, and such 
solution should not give precipitates on adding sulphuretted 





Per (/eut. 


Pur CfUt 


Per Cm 


Zinc oxide. ZnO 


88-040 


71-93 


71-68 


Cobalt oxide, CoO . 


11-fiaa 


19-15 


18-93 


Phosphoric oxide. TjO^ . 


— 


8-22 


8-29 


Ferric oside. Fe.,0^ . 


0-298 


— 


— 


Soda. Na,0 . " . 


— 


■69 


— 
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hydrojren or ammonia. On ignition cobalt carbonate is 
decomposed, leaving a black residue of cobalt oxide. 

COBALT GREEN, atuo known as Rinman's green and zinc 
green, is a compound of the oicides of cobalt and zine with, 
sometinies, tlie addition of a little phosphoric acid to heighten 
and brighten the colour. Tlie following analyaes given by 

I Wagner will show the average composition of this pigment ; — 
i 
■ Cobalt green liaa a bright gieen colour of a slightly yellow 
Be i those green.s which contain phosphoric acid generally 
have a slightly bluer hue than those which do not contain it. 
It i.s perfectly [jenuaneiit when exposed to light and air and 
^^w, on this account, a useful pigment ; its cost, however, pre- 
^Btatfi it from coming into very extensive use. It can be 
^HlSxe<l with all other pigments without aflecting them in any 
^^way. Dilute acids and alkalies have no action on cobalt 
green ; but strong acids decompose it, forming a blue solution, 
in which cobalt and zinc can be detected by tlie usual tests. 

COBALT OXIDE.— This substance is a black powder, 
insoluble in water and dilute acids, biit soluble in strong 
acids, forming blue or pink .solutions. In composition it 
corresponds with the formula CoO. It is largely employed 
in the colouring of glass and pottery, owing to its producing 
a fine and permanent blue colour when in combination with 
phosphoric add, silicic acid, etc. The commercial article is 
fairly pure, usually containing 95 per cent, of cobalt oxide. 
It is necessary that it should Iw free from any admixture with 
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iron, nickel or copper oxides, the presence of which materially 
atfects the purity of the colours produced with it. Cobalt 
oxide should answer to the following tests : It ought to he 
completely soluble in strong hydrochloric acid to a blue or 
pink solution. (It may be mentioned here that the colour of 
cobalt solutions vary with their strength, etc., and are some- 
times blue and sometimes pink.) This solution should give 
no precipitate with sulphuretted hydrogen, nor with ammonia. 
The former test will serve to indicate the presence of copper, 
while the latter will show the presence of iron. The presence 
of nickel will be ascertained by the following test : Dissolve 
the sample in acid and neutralise it. Then add a strong 
solution of potassium cyanide until the precipitate which 
forms at first is re-dissolved. Heat until no further odour 
of cyanogen is perceived. Then allow to cool and add a 
solution of sodium hypochlorite, when, if any nickel be 
present, a black precipitate of nickel oxide will be obtained. 

COBALT PHOSPHATE is employed in the colouring of 
pottery and glass. It occurs in the form of a bluish-white 
powder, insoluble in water, but soluble in acids. Its com- 
position is shown in the following analysis of the commercial 

product : — 

61 per cent, cobalt oxide, CoO 

39 ,, ,, phosphoric oxide, P-jO^ 

It is entirely soluble in acids, from which solution it is 
re-precipitated on adding ammonia. 

COBALT ULTRAMARINE is a synonym of Cobalt BFue, 
which see. 

COCHINEAL. — This important dyestuff is the dried rem- 
nant of the female of a species of coccus living on cactus 
plants in Central Mexico and the West Indies. Formerly 
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oochmpal was of groat importance in the dyeing influstry, 
bein^ used For protludng scflrlets on wool ; but of late years 
itM use for this purpose has gi-eatly Jiminished in conaei[uence 
of the introduction oF the azo scarlets from eoal tar, which are 
much more easily applied ami are cheaper. 

Tlie female cochineal insect, the vocciis cacti, ia wingless 

at tirst. It has six feet, but these become abortive and the 

insect fixes itaelf by means of a trunk between its forefeet to 

the leaves of the cactus plant, on the sap of which it lives, 

Tlie male insect possesses wings and lives to fecundate the 

ri fe male, who soon lays some thousanils of eggs, which cover its 

^■body anil make it appear white. The female collects the e^s 

^^mder her body, hatches them and dies. During the young, or 

larval, state the sexes caiinot be distinguished. The whole life 

of the insect extends over three months. 

Just before laying eggs the female insects are richest in 

louring matter, and this is the time when they are collected. 

; collection is done by brushing them off the plant into 

Wiling water, which instantly kills them. They are then laid 

ijut to dry in the sun. It has been estimated that 70,000 

cochineal insects are required to make a pound of the com- 

^^nercial cochineal. 

^B i^everal varieties of cochineal are recognised commercially, 
' ■ Tiamely, " grey " and " black," which contain eggs ; " shelly," 
which contains no eggs ; and " silver," which is considered to 
be the l»e«t. Common cochineals are, however, often dusted 
over with talc or Ijarytes to imitate silver cochineal. Besides 
the vaiieties here uameri a dilference is sometunes made between 

the ctichineal from TeneriH'e and that from Mexico. 

Cochineal contains a small (|uantity, about 1 to 2 per cent., 
f waxy matter, a little fat and about 10 per cent, of a colouring 
iiiciple, which apparently possesses acid properties. 
Tile properties of the colouring principle of cochineal wei-e 
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investigated by Warren de .la Rue. It has the Formula, 
C,;Hi^O|0, and- has been named carminic acid, and con- 
sidered to be a gluconide ; that is, when boiled for some 
time with dilute acids it takes up the elements of water 
and forms a glucose sugar. Some recent investigations by 
Liehermann tend, however, to discredit thw idea, 

Carminic acid may l)e isolated from cochineal as a. purple 
brown, friable mass, which, on grinding, can be converted 
to a red powder. It is soluble in water and alcohol in ail 
proportions to a crimson solution. It is very slightly soluble 
in ether. It is soluble in hydrochloric and sulphuric acids. 
Nitric acid oxiilises it, oxalic acid being among the products 
of decomposition. 

With the alkalies it forms soluble salts of a dark red 
colour. With alumina, lead, copper and other metals, it 
Forms insoluble coloured compounds, which are easily soluble 
in acid solutions. From neutral and alkaline- solutions alu- 
mina and tin salts throw dowTi scarlet precipitates. The 
acetates of lead, copper, zinc and sDver throw down purple 
precipitates. 

Cochineal is used in making carmine, crimson, Florentine, 
purple atid other lakes. 

COERULEUM. — Under tliia name two ilistinct pigments 
are known, one of modern origin, the other having some 
historic interest. 

Messrs. Rowiioy & Co. make a pigment of a greenish-blue 
tint, which they sell as coerulewm. It is a compound of the 
oxides of tin and cobalt. Their metho<l of preparation is kept 
secret. It is used solely by artists. 

A blue pigment is found on the paintings and decorations 
of the ancient temples of Pompei, Alexandria, Cairo, and 
other ancient cities of Egypt, which nerve to show that the 
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acicieat Egyptians had some knpwledjfe of colour making. 
The secret of the prepiiratioii of this blue pigmeut ha.9 been 
lost. It has been examined by Sir Humphrey Davy and 
others without any result, >m far as itu mode of manufacture 
is concerned. Recently Fouijue examined the pigment and 
gav« its composition as : — 

Per Can L. 

Silica, SiO. 63-7 

Cftloium oxide. CaO . . 14'3 

Copper oxide, CuO . 21-3 

Ferric oxide, Fe.,0„ ... 0-6 

nbowinjj that it is probably a double silicate of calcium and 

copper, having the formula 4Si0.j, CaOCuO. He has siicceeded 

in making an imitation of it. 

COLCOTHAR Li the name given to tlie oxide of iron left 
behind whL'ii copperas is heated in a retort. See Fun-ir Oxide, 
Iron Oxitli'f. 

COLOGNE EARTH.— A brown pigment found in the 
neighbourhoi>il '>f Cologne; it is very little used now. 



COLOGNE YELLOW, the name given to pale shades oJ 
chrome yellow, is made by precipitating lead acetate with 
mixture of bichromate of potash and sulphuric acid. 

COLOPHONY — The French name ol" Rosin, which see. 
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COPAL. — Tile name given to some haixl resins found in 
various pai-ts of the world and much employed in the 
manufacture of varnishes. Animi (wiiich has aU'eady been 
described under Anin'i) is sometimes classed as copal. The 
typical copals come from the west coast of Africa, 8ierra 
Leone being the great centre of the trade in this material. 
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So-called copals are also imported from the Philippine Islands, 
from South America, the West Indies ; kauri also has been 
classed among the copals ; but all these products cannot 
strictly be considered as copals, as their properties as vamLsh 
resins are quite distinct. It may be pointed out here that the 
term copal having been given to so many varieties of resin, 
and care not having been taken to distinguish them from one 
another, some confusion has arisen among writers on the 
subject. 

The true copals are found along a narrow strip of the 
coast of West Africa, extending from 8° N. latitude to 4° S. 
latitude, a distance of some 700 miles. In this district the 
copal is found as a fossil in the ground at various depths up 
to 10 feet, or in the river beds of the district. The gathering 
is only done during the wet season which extends from March 
to May, the ground at this period (mostly comprised of strata 
of marl, sand and clay) being sufficiently soft to permit of its 
being easily dug into by the negroes, who use such primitive 
tools that they are ineffective in the dry season. 

The botanical origin of copal is unknown. Some authori- 
ties assign it to a tree called Guihotirtia copallifera, which is 
found growing inland and yields a fair supply of resin : no 
tree now growing on the coast yields the copal resin. The 
tree has evidently become extinct on the coast ; possibly as 
the interior gets opened up to trade it may be discovered 
inland. 

After the natives have collected it they carry it to the 
coast ports for export to Europe and America. The principal 
ports are Sierra Leone, from which the best copal is exported, 
Accra, Benin, Gaboon, Loango, Angola, the Congo ports and 
Benguela. There are some slight difterences in external 
appearance between the copals from these ports, but none in 
then- general properties. 
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Sierra Leone copal is the best ijuality iinportt?<I into this 
country. It usually comes over in the form of rough angular 
pieces, almost colourless, or at the most having a faint yellow 
ctjlour. It is hanl, has a specific gravity of 1054, ami is 
quite insoluble in alcohol, ether, chloroform, etc It uielt« at 
205' C. (400° F.), When tiuely powdered, long digestion in 
ether (quite free from alcohol and water) causes a portion to dis- 
solve ; while the rest, amounting to about 64 per cent., simply 
Mwells up. When melted it gives off a small proportion of an 
oily liiiuid which contains a terpene, pi-obably pinene ; the 
residue, on cooling, will set into a hard brittle mass soluble in 
ether, turpentine, chloroform, etc. It is on this property of 
becoming soluble after being fased timt the manufactmi' of 
varui^hcM fi'om copals is liased. This variety of copal is much 
used in making varnislies, yielding, as it does, a varnish which 
'Iries with a hanl lustrous coat of a very durable character 
By careful selection of the resin very pale varnishes may be- 
mad e. 

Prhhle copal also comes fi-om Sierra Leone ; it occurs in 
small rounded piece.^, varying slightly in size, but attaining 
to no great <limen8ion8. Generally it is colourless, but some 
samples are sliglitly coloured, generally of a brown wh-yellow 
nnt. It is very liard, and is, perhaps, the hardest of the 
copals. Its speeitic gravity is 1055, It is found in the beils 
of the rivers along the coast, and owes its pebble- like form to 
the wearing action of the water during its transit down the 
Itfiver. In its properties it resemble* Sierra copal. 

■ Angoiii fiyptd is found in the three districts of which 

■ Angola, Benguela and the Congo are the centres. The copals 
found in these districts are so much alike that they are all 
claaM.-il together as "Angola copal" or, as it is sometimes 
called from its appearance. " red Angola copal ". It is gener- 
ally in the form of globular pieces, although flat pieces are 
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met with. In size it nsually range.s from 1^ to 2 inehes, but 
lai^e pieces of from 5 to 6 iDcIies are met with occaaionally, 
The characteristic feature of this variety of copal is that it 
is covered with a i-ed crust of about one-sisteenth of an iueh 
thick ; this cnist is probably due to the decomposing action 
of the Boil on the resin ; when this crust is removed, the 
resin is usually found to he free from colour or, possibly, it 
may have a faint yellow tint. It is a common thing to find 
enclosures in this resin, bit* of bark, wood, insects, air bubbles, 
etc. Angola copal is usually not so hard as Sien-a Leone 
copal or pebble copal, but it makes a good, hard and durable 
varnish. Its specific gravity is 1-065. 

Gaboon copal is found in rounded, somewhat flattened 
pieces, varying in size from i inch to 2 inchi?s; in colour 
it is the darkest of the copals, being usually of a sherry 
colour ; consequently it is employed chiefly for making dark- 
coloured varnishes. The surface is usually smooth, but 
occasionally pieces are met with having a striated cruaLi 
Gaboon copal is fairly haril and makes a good varnish, 

Loango vopnl differs from othei' copals in the manner in 
which it is found ; in form it is often cylindrical, and, from 
their appearance, it is evident that the pieces have beon 
broken off larger masses. Two varieties of Loango copal 
are known, named respectively white and red; the fopmer 
ranges in colour fi-om a colourless to a faintly yellow, thu 
latter from a reddish to a faint brownish tint. It is also 
on the average, rathei' larger in size, more cylindrical in form, 
and more homogeneous; it is therefore atnsiderei) the best. 
The red copal being rather harder than the white makes * 
more durable and more lustrous \'arnisl). 

The above varieties constitute those which are generally 
known as true copals ; they are eniployeii in making the bert 
class of carriage and cabinetmakei-s' oil varnishes. The 
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following resliis are denominated copals, but only on account 
of similarity in ap]>earaiice : tliey am different in their 

Demerara Copal. ^This resin also known as locust (rum 
titd Ijuiana gum in iui[)orti;d from British Guiana. It in 
supposed to be the product of the locust tree. Hynie/iea 
C'-urbarii. It is found in the gi'ound in much the same 
wny as the African copals. As got it is covered with a thick 
iiust of disintegrated resin: when this is scraiied off the 
n-.in ii found to have a lustrous appearance, is quite clear 

111 transparent and perfectly homogeneous. In size it varies 
' "iisiderably ; very large masses of 10 to 12 lb, weiyht are 

ru-n found, while a piece weighing 60 lb. has been found. 
I )i'merai'a copal has a apecitic gravity of 1030, melts at from 
-'■K)" C. to 250' C. (450° F. to 465° R). When heated it gives 
off a large proportion of volatile oil and gas, and does not leave 
so much solid rejoin behind as does auimi or copal. <^n tliis 
.account many varnish makers accustomed to copal have not 
fnund it to be so ^ood a resin for making varniali, but if due 
.illowance is made for the extra volatile matter this copal is 
ji I'airly good varnish resin. It is soluble in ether ; alcohol 
causes it to swell tu a white gelatinous mass ; chloroform has 
a similar action, and further a portion is dissolved ; petroleum 
ether cau'tes it to swell and form a white jolly. 
Manila Copal.— See Manila Oofal. 

COPPERAS, the commercial name of Ferrous SulphaU, 1 

COPPER OXIDE.— This substance is employed, in the 
jirt-paration of pottery and porcelain, for the production of 
red and other colours. It is a black powder, having a com- 
position corresponding to the formula, CuO. It is insoluble 
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in water, but easily liiasolves in acids, Jjiving, as a nile, blue 
solutions and fonning the corresponding copper salts. The 
commercial copper oxide is usually fairly pure. Copper 
oxide ought to answer to the following tests: It should dis- 
solve fairly readily in hydi-ochlonc acid, giving a green solu- 
tion ; there ought to be but a small portion insoluble. The 
solution ought not to give any precipitate on adding excess 
of ammonia. On passing sulphuretted hydrogen gas through 
the solution and filtering off the precipitate, no further preci- 
pitate should form on adding ammonia. The solution should 
give no precipitate on adding dilute sulphuric acid. 

CORNWALL STONE is a partially decomposed granite of 
a white colour, and possessing vitritiable properties. It is 
largely used in the manufacture of porcelain and potter^'. 
The following are some analysis of Cornish stone : — 
Per Cent 

Silica, SiOj . . 46-32 

Alumina, AI^O^ 39-74 

Oxide of iron, ¥eO . 0-97 

Lime, CaO . . . 0'.S6 

Magnesia,, MgO 044 

Witter aad alkali . 12'87 

Compared with china clay it contains slightly less sifiot' 
and more alumina, but it has not the some homogeneons 
structure. It is a mixture of kaolin, undecomposed felspar 
and quartz, with a little mica. 

CRIMSON LAKE is a pigment prepared from cochJueiil 
by precipitating it with alum and soda. It is of a dark 
crimson colour, and is usually sold in small conical -shaped 
masses. It is mostly employed in decorative and artistic 
painting, but it is not permanent nor has it much body, there- 
fore it forms what is known as a glaziny or tinting colour. 
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35-65 


40-09 
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1-65 


0-50 
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— 
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CROCUS is a name sonietimes given to the oxide of iron 
left as a rt^idue when copperas is heated in a retort or other 
vessul. See Iron Oxides. 

CYPRUS UMBER is the name given to the vaj-iety of 
umber found at Cyprus. Another name, and the one by 
which it ia mostly known, is Turkey umber. See Umber. 



DAMMAR or GUM DAMMAR Under the name of dam- 
mar there comes into tiiis country several varieties of resins 
*f<in Siam and neighbouring countries which are largely 
inployod in the preparation of varnishe.s. The following 
■.iirieties may be distinguished: — 

I. Singapore Dammar, — This is generally considered to 
be the true dammar. It is derived from the Am'joyna pine, 
Diniimitra orientalis, a tree which is indigenous to Malacca, 
Java, Humatra, Borneo and neighbouring islands, in which 
placcH it chiefly grows in the hill districts. The gi-eat 
bulk of the dammar of commerce comes from Java through 
Siugaporo, from which circumstance it act|uires its name 
of Singapore dammai'. 

The dammar exudes out of certain excrescences which grow 
a little above the root of the tree. In Java and Sumatra the 
renin is allowed to flow out uatiu-ally: in other localities the 
natives make incision.s in the excrescences to promote the 
flow of the resin. Large quantities of the resin are also 
founci in the beds of the rivers flowing through the regions 
where the tree grows. Some resin is also obtained from the 
branches of the trees. This has a somewhat diH'erent shape, 
being more cyliuilrical in form. 
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Singapore dammar comes into commerce in the form of 
nodular pieces varying in size from i an inch to 2 inches. 
Sometimes the pieces are covered with a powdery crust. The 
resin is clear and transparent, homogeneous in structure, 
nearly white in colour, which rarely exceeds a straw tint. 
It breaks easily. It is not as hard as Sierra Leone copal, but 
it is harder than resin. When fresh it has a peculiar bal- 
samic odour, but this disappears on keeping. Its specific 
gravity varies from 1*062 to 1*128. Dammar is soluble in 
turpentine, ether, chloroform and oil. It is also soluble in 
petroleum spirit, in which respect it differs from the majority 
of the resins. Alcohol causes it to swell into a white gela- 
tinous mass, a portion of the resin passing into solution. 
Amyl alcohol has a similar action to ordinary alcohol. Very 
little, however, is dissolved, the resin swelling to a white 
opaque mass. 

2. Penang Dammar. — This variety comes chiefly from 
Penang and Batavia. It does not differ much from the 
Singapore variety, except that it comes in rather larger sizes. 
It is perhaps a little more soluble in the various solvents. 

Dammar is used in making varnishes for coach and cabinet- 
makers with oil. Its solution in turpentine or benzol is used 
for making varnishes for pictures, paper and media for mount- 
ing microscopical objects. Dammar produces a varnish which 
has a pale colour, and dries with a hard coat. It has the 
defect of being rather friable, so that when dry varnish be- 
comes powdery when rubbed with the fingei-s. 

8. Rock Dammar. — This resin, which is almost indistin- 
guishable from the last two varieties, is the produce of two 
species of Hopea, viz., Hopea odorata, which grows in Burmah, 
about Rangoon, Pegu, Martaban and other localities, and 
Hopea rnicrantha, a native of the Malay States of Malacca, 
Sumatra and Borneo. There are some differences between 
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the resin yielded by these two trees. That from the odorata 
generally occui-s in the form of rounded pieces about the size 
of walnuts, is pale in colour, while colourless pieces are often 
met with, the micrantka resin is rather larger, darker in 
colour, antl harder. These two dammars are not distinguished 
fnim one another in commerce. As far as then- uses and 
pi-opertie-s are concerned they resemble the Singapore and 
Penany dammars. 

4. Sal Dammar.— This resin is not often met with in the 
Bngtish inaricL't. it being consumed almost entirely in India 
and the districts in which it gi-ows. It is obtained from the 
Sal tree, Skon-o rohimtn, which grows on the southern slopes 
of the Himalaya.s. It is also found in the hills of West 
Bengal, in Borneo. Sumatra and eontifjuons countries. It is 
generally fouml in long cylindrical and rather brittle pieces, 
of n pale cream colour. Some pieces are opaque, and many 
show streaks as if the pieces were formed by the flow of 
different streams of resin. It is rather heavier than the 
other dammars, its specific gravity ranging from 1097 /to 
1*123, It is not so soluble in ether, turpentine, et«., as the 
other dammars, the solutions having a more or less turbid 

appearance. Ite uses are the same as those of the other 
mars. 

5. Black Dammar. — Black dammar, or lai dammar as it 
in knonni in India, is principally derived from the tree Cana- 
riii-in slrlctam, which giows in the Tinnevolly district, but 
olhvr species of Cnnttriwrn also yield the resin. Tliis resin is 
obtaineil from the trees by a pi-ocess very different from that 
commonly adopted. The natives make a number of vertical 

in the trunk of the tree, and then set fire to it below 
cuts. The tree is then left tor two years, by the end 
which time a ijuantity of resin will have exuded from the 
eollected. Ft-otu one tree some 300 lb, of resin 
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will bf obtaiaeil. Aa its name would inflicate black damiuar 
occuTH in the fonii of black or bi-ownish-black pieces, which, 
OK seen in the masH, have an opaque appearance, but when 
seen in tliin slices ai-e traiiNparent. It is rather more soluble 
than the other dainiiiai's which are tle.scribt^J above. It is 
readily soluble in turpL-ntint.' and but alcohol. 

DEMERARA ANIMI or DEMERARA COPAL ha,s been 
ddscribcil under the heail Copal on p. 131. 

DERBY RED.— The basic cbromato of lead is best known 
under this name, although it is also called American vermilion, 
Chinese red, chi'omo red, etc In its chemical composition it 
is a basic chromate of lead, having the composition shown in 
the following analysis : — 

Per C»Qt. 

Moisture 1-69 

Lead chromate, PbCrO, . . . 57-55 
Lead oxide. PbO .... 39-99 
which corresponds to the formula PhOPbCrO,, 

It is made by digesting white lead with neutral or nonoai 
clu-omate of potash. It is a Hcarlet red powder of some 
brilliance of tone ; it is heavj-. its specific gravity being 6*26 
It posse-sHes good co\ering and staining power, although, being 
heavy, it is somewhat troublesome to work under the brush. 
Its tint is much aHected by grinding, which turns it j'ellowish 
in colour. This is probably due to a breaking down of 
the crystalline structiue which Derby red possesses. In its 
chi-mical properties it resembles Chronie yelloto, which se 

DEXTRINE See British Oum. 

DOUGLAS GREEN, prepared by heating barium chromate 
with .sulphuric acid, is a mixture of clirome oxide and barium 
sulphate. It is of no practical importance. See Ckvviical 
N^wa, vol. xl., p. 59. 
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DRAGON'S BLOOD — The onliDary tlragon's blood of com- 
merce Ls the produce of the Calumxis draco, the tree which 
yields the familiar cane. This tree ia a native of Extern 
Asia, from placts in which district the reein m sent in large 
ijtiantities into the European markets. The fruit of thia tree, 
on approaching maturity, becomes covered with a red fnable 
mass, which is collected by shaking the fruits into baHketa, 
and sifting the resin from stems and woody particles. The 
re-sin is melted by the heat either of the sun, or of a fire, or of 
Iwiling wat«r, poured into moulds (usually formed out of a 
palm leaf), and then sent to the vanous porta for sale. Singa- 
pore. Biitavia, and other ports close to are those from which 
dragon s bloofi finds its way into the London market, llragon's 
blood occurs in cylindrical aticks of a rough form, 12 to 14 
inches long, and from J inch to 1 inch thick ; smaller pieces 
are common. As a rule, the sticks of dragon's blood are of 
a blackish -brown colour, and have au opaque appearance. 
When seen in thin slices it has a crimson colour and ia trans- 
parent. Its spedtic gravity is about 1'2, but varies slightly; 
u.<nially the better the i[uality the higher the gravity. Its 
Uiste Ls sweet. >:^amples having an acrid ta.ste are met with, 
but generally they are not reliabk-. 

Dragon's blood is reafUly soliihle in alcohol, benzol, chloro- 
form, carbon bisulphiiie, petroleum spirit, shale spirit, glacial 
iicetic acid, caustic soila. ammonia and other solvents, giving 
crimwon solutiona Ether does not dissolve it readily, while 
it is almost insoluble in turpentine. It melta at about 120° C. 
|248 F.(, and .softens at a lower temperature. For ordinary 
commercial purposes dragon's blood is sold in a powdered form ; 
it is largely used for coloui-ing varnishes of all kinds, impart- 
ing to them a deep red colour. 

Sevei-al other varieties of dragon's blood ci.ime into ctnit- 
merce, Socotran dragon's blooil is the product of Draiaeiia 
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ombet and of Dracaena schizantha. The resiu is obtaine<l 
from these trees by making incisions and collecting the resin 
which exudes from the cuts. This variety is usually in the 
form of tears or drops, and finds its way into the London 
market through Zanzibar and Bombay. A variety of dragon's 
blood is obtained from the celebrated dragon tree of Tenerifie 
and adjacent islands, the Dracaena draco, Mexican dragon's 
blood is obtained from the Croton draco. But little of these 
two latter varieties comes into this country. 

DRIERS form a gi-oup of bodies, mostly of a metallic 
character, which are added to linseed and other painting oils, 
and to paints and varnishes, for the pui'pose of making them 
dry quicker. The most commonly used driers are litharge, 
red lead, lead acetate, lead borate, lead resinate, manganese 
oxide, manganese sulphate, manganese borate, manganese 
oxalate, manganese linoleate,. manganese resinate, ferrous 
sulphate, zinc oxide, and zinc sulphate. The properties of 
driers have been discussed in the author's Manual of Painters* 
Colours, Oils and Varnishes^ to which the reader is refen*ed 
See also under Linseed Oil. 

DROP BLACK, the name given to Frankfort black and to 
other blacks, which are made up into conical lumps with tht? 
aid of a little adhesive matter. See Frankfort Black, 

DROP LAKE, a crimson lake made up into what is known 
as the ** drop " form. 

DRYING OILS form a group of oils, derived from vegetable 
and animal sources, which have the property of drying into 
a hard mass when exposed in thin layers to the atmasphere. 
Linseed oil is the typical member of this series of oils. The 
following is a list of the most important drying oils : — 
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Linseed oil. Walnut oil. 

Weld seed oil. Poppy seed oil. 

Tobacco seed oil. Scotch fir seed oil. 

Hempseet] oiL Menhtulen oil. 

iuadi of these will be found deaciibi^d in its pi-opei- place. 

The fatty oils, an they aj-e ealled, are a group of bodies 
derived from both animal and vegetable MOiirceM. .Some are 
fluid at ordinary temi>eratiire8, othei-s are solids of varying 
coiwistency ; but whether a particular fatty body shall appear 
ax a litjuid oil or a solid fat w simply a question of tempera- 
ture. At a sufficiently high temperature all these bodies are 
lii|uid; at a sufficiently low one all would be flolid tK>die8. 
Butter in England is a fat : iu India it is an oil. Palm oil in 
Africa is an oil ; in England a Fat. Olive oil in England in 
ranked an an oil ; in Greenland it would he clartsed as a fat. 
The oils geuwally are Iwdies which are insoluble in water, 
■ inly slightly no in alcuhol, freely soluble in ether, potro- 
leiiiD spirit, carbon bisulphide, turpentine ami other similar 

The oils and fats twlong chemically to that group of 
< lieraical compounds known as salts, which may be defined as 
ujmjHiunds containing two chemical radicles, one of which is 
of acid origin, the other of basic origin. 

Iu the case of oil.-i and fats, the bawic radicle is always 
tliat kuon-n an ijiyceryl, C^H^, which, when combined with 
/•ifilruj-ifl, HO, £orms the well-known substance (ilyceriiif, 
(■iHfXOH)^; hence oils and fats are fi-eipently named y/^/'y'''" 
■ /'■«, he(;ause when they are subjected to saponification they 
ilways yield glycerine. 

In oils and fats the glyceryl is present in combination with 
one or more aciil rwlicles. It may hei-e be pointed out that 
while there is only one base present in any particular oil or 
fat. yet there may Ije several fatty acids. Some of the more 
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common of the fatty bodies (such as tallow, olive oil) rarely 
contain more than two ; others again (butter, cocoanut oil, palm 
nut oil) contain six or more different acids. 

When an oil or fat is boiled with a solution of either 
caustic potash or caustic soda, it undergoes decompasition. 
The alkali combines with the fatty acid or acids to form soap, 
while glycerine is liberated. If the soap be collected, and an 
acid like hydrochloric acid or sulphuric acid be added, it is 
decomposed. The fatty acid or acids are liberated and may 
be collected. In appearance the fatty acids resemble the oils 
themselves ; they differ, however, in being soluble in alcohol, 
while the oils are not. Necessarily they are of an add 
character, and combine at once with either caustic soda or 
caustic potash, or with ammonia to form alkaline soaps, which 
are soluble in hot or cold water. These fatty acids will also 
combine more or less readily with lime, lead oxide, and other 
metallic oxides, but the bodies then formed are insoluble in ' 
water ; they are also termed soaps. One or two are of some 
service. 

Glycerine will be found described under Glycerine. 

The fatty acids at present known may be divided into five 
groups, as follows : — 

1 . Stearic Series of Fat Acids. 



General formula CnHonO.^. 


Name. 


Formula. 


Formic 


HOHO., 


Acetic 


HC2H3O2 


Butyric 


HC^H.O, 


Caproic 


HCjjHjiOjj 


G^jnanthylic 


HC7H13O2 


Caprylic 


^^8^15^2 


Pelargoiiic . 


HC9HJ30.2 


Capric 


^^10^Hp2 


Cocinic 


HCjiH^Og 
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y^mt. 


t'OTIUUlA. 1 


Laurie 


HC,oH,A 1 


Myristic 








HC„H„0„ 1 


IsoaceLic 








HC„H^O, 1 


Pftlmilic 








HC,.,H,.0, 1 


Datiirii; 








HC^H^^O, 1 


Stearic 








HC.gHj^^ 1 


Arachidic 








HC,,Hj„,0. 1 


Beheaic 








HG^H,.0, ■ J 


Lignoceric 








HC,.H.,0, ^H 


Cariiaubic 








HC,,H,,0, ^^M 


Hyaenic 








HC,,H^O, ^H 


Cerotie 








HC,;H^O. ^^M 


Meliaaic 








Hc^H^o, ^m 


Of these acids, foni 


ie an 


d 


acetic aci<l8 are liquids, theyHU 



,'iiive a powerful acrid odour, are soluble in water and can be 
iistilled without any chan{^e. The next few memhera are 
iilso liijuid ixklies, of rather hiffher boilinff points tlian the two 
just named. Some liavu an odour recalling that of rancid fat, 
and they have a more or lesii fatty appearance: although 
soluble in water, their solubility is not gieat. They can be 
distilled without change along with water. These acids are 
present in butter, cocoanut oil, palm nut oil iu notable 
atiiounte, and are called the soluble fat 'iciiis. 

Capric acid and all others below that in the table given 
above are solid acids of varying consist^uce, some being 
crystalline and fatty in appearance; they are all insoluble in 
water and hence are known as the insoluble fatty acids. 
They cannot as a rule be distilled without undergoing decom- 
position. 

The fat acid's of the stearic series are soluble in alcohol, 
ether, turpentine, petroleujn spirit and similar solvents. They 
are monobasic adds, combining with one equivalent of potas- 
sium hydroxide (caustic potash) or sodium hydroxide (caustic 
Hoda) to Form the bodies known as soaps, which are more or 
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less soluble in water ; those formed from the lower fat acids 
being freely soluble, while those from the higher ones are 
more diflBcultly soluble, the solubility decreasing with the 
complexity of the acid. These acids have no power of com- 
bination with bromine or iodine. 
2. Oleic Series of Fat Acids. 

Name. 



Acrylic 
Crotonic 
Angelic 
Pjrroterebric 
Damaluric . 
Meringic ) 
Cimicic i 
Physotoleic \ 
Hypogaeic 
Gaidic 
Oleic ) 
Elaidic / 
Doeglic 
Erucic 



j 



Formula. 

HC3H3O2 

HC4H5O, 

HCgH„0.^ 
HC.HnO, 

HC15H.27O2 



HCl^jHgiO.^ 



^^22^42^2 



Of these acids, oleic is by far the most characteristic of all 
oils ; when combined with glyceryl it forins olein which is 
generally found present in all fluid oils. The lower members 
are soluble in water and can be distilled without decomposi- 
tion ; the higher members are insoluble in water and cannot 
be distilled without decomposition. They will combine 
directly with bromine or iodine, taking up those elements in 
the proportion of two atoms of the halogen for each molecule 
of acid. Another property they possess is that of being 
readily converted into isomeric bodies ; thus oleic acid is 
converted by the action of nitrous acid, or of a solution of 
nitrate of mercury, containing nitrous acid in solution, into 
elaidic acid ; hypogaeic acid into gaidic acid ; erucic acid into 
brassidic acid. 
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3. Unolic Series of Fat Acids. 

Ksil,.-. Poriiiuln, 

Elaeomacgaric HCijH^jiO^ 

Tariric . . . HC,,HJ,Oj 
Linolic . . HC,sH3,0, 

These acids are I'ouiid principally in drj'ing oils ; they are 
liiiukl acids, insoluble in water ; they conibioe with bromine 
.%wi iodine, taking up foiu- atoms of ihowe elements for each 
molecule of aciil. 

4. Linoienic Series of Fat Acids. 



Liinolenic acid 

iBotinolenio 

Jecoric 






These acids are also charactfrifttic of drying oils ; they 
rill combine with bromine or iotline in thii proportion of 
t atoms for each molecule of acid. 
. Ricinoleic Series of Fat Acids. 



,.1 



Biciu oleic 

iBoricinoIeic (■ HC|,H.|.|0.| 

Rapic acid 

Thase acids are found in castor and rape oils ; they are 
ydroxlftted acid» allied to the oleic series. Their principal 
peculiarity is that they are iuaoluble in petroleum ether ; their 
i.'lycei'idet; are ttoluble in alcohol ami ;rlacial acetic acid ; and 
the soaps made from them are very soluble in water. They 
absorb bromine or iodine in the proportion of 2 atoms for 
n^cb molecule of acid 

The oils are obtained from vegetable seeds and fruits 
<iLsually by pressing) and from animal fats by varioua methods 
depending on the character of the raw material. 

As stated above, all the oils when boiled with a solution 
F caustic soda or of caustic potash undergo saponification ; 
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there ifl formed by the union of the alkah' with the a«5 
coDHtituent of the oil a soap, while the base of the oil 
liberated iu the form of glycerine. The reaction which tatc; 
place ia shown in the following equation : — 



/ C.JL.O., 



OH 



C|iiHa,0, + 3K0H = 3KC,^H^jOa + C^H^ - OH 
1 C,sHs,0,, Caustic Potassiuin [ OH 

Linolin Potash linolate Glycerine 

(soft soap) 

When the oils antJ fats are subjected to the combiner 
action of heat and Hteam, they take up the elements of wat«l 
(or un<lergo what is called hydrolysis) and form j^lyceri.i 
and free fatty acids, as shown in the following equation : — 
( CigHa^O, I OH 

CjHs CigH^O, + 3H,0 = SHCigH^O, + C,H, - OH 
i CigHjjOj Stearic acid' [ OH 

Stearin Glycerine 

See Andes' Dn/iiig Oils. Boiled Oil, and Solid and 
Liquid Driers. 

DUTCH PINK.— This pigment is a yellow lake prepared 
fi-om fustic or Perwiau berries by precipitation with alum and 
whiting. It is used chiefly in paper staining, but its use is 
gradually becoming obsolete. Dutch pinks are rather fugitive, 
but have the merit of not losing tint when exposed to gaslight, 
English ami Italian pinks are other names for them. 

E. 

ELEIWI— See Gum Elemi. 

EMERALD GREEN.— This pigment isacompouud of acetic 
aciil, ai-senious acid and copper, and is the aceto-arseaite of 
copper. It is prepared by precipitating a solution of coppen 
sulphate and acetate with a solution of sodium arsenit« by 
acting on Scheele's green with acetic acid, by mixing Scheele's 



feeuwith verdigris. Its composition is whowni i 
talym :— 

Copper oxide, CuO . 
AraeniouB oxide, As^Oj 
Acetic anhydride, o'^C^H^O^ 
Sulphur trioside, SO3 
Water. H.O 
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1 the following 

PfT Cent. 
32-55 
57-51 
6-63 
1-67 
0-90 

Emerald green has the following properties : It has a pale 
litit bright bluiah-green colour, of a hue ditt'erent from that of 
"ly other pigment. It is opa^jue, mul hence possesses good 

|'"<'yauii covering powers. It mixes well with either oil or 
^^^i'. and hence can be used either for oil or water-colour 
psuntinfj. It is not permanent under exposure to light and 
'"I', altiiough it has fairly good resistant powers, especially in 
'"'}' places, it is Ufleil in large quantities as an insecticide, 
I '■specially in Amei-ica, where it is chiefly known under the 
I "Woif of Paris green. Its use as a pigment in painting and 
'"f printing paperhangiugs has greatly decreased of late years 
•"I account of its extremely poisonous properties, its place being 
laken Ijy greens prepared from coal-tar coloura. Emerald 
^ceij will mix with most other pigments, the only exceptions 
are those containing sulphur, such as ultramarine and cadmium 
yelli.iw, as the sulphur in these has a tendency to forui the 
I filack copper sulphide, the production of which would have 
a tendency to lead to the discolouration of the pigment. 

Emerald green is soluble in aci<Ls to pale blue solutions. 
( In adding ammonia to these there is lirst obtained a light blue 
precipitate of copper hydroxide : but this, on the addition of 
excesH of ammonia, dissolves with the formation of a deep blaa 
ptalution. It is soluble in ammonia and solutions of caustic 
i and caustic potash. On boiling the latter solutions a 
I precipitate of cupreous oxide is obtained. 
10 
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ENGLISH PINK— EOMINE. 



ENGLISH WHITE is a name ifiveii tu a ^txtd grarle of 
, wliich N("(-. 



ENGLISH PINK, « tkume given to yellow pigments pre- 
^^ fmrwi fTOui Pei-si.iii berries ; they are similar to Dutch pinks. 

^^F EOSINE. — ^Eosiiie is n coal-tar dye derived from the aub- 
l sUiicp lluore-scein, which has the formula C.,„Hi„0;, ; this 
l'""luct. is characterised by its solutions having a strong, 
i-Tf^ii lluoresceiice or bloom. There are several varieties of 
'ixiiieN which are prepared from fluorescein by the action 
"f hromine. ioiline or nitric acid. The following are the 

I principal eosines met with in commerce :— 
Eosine A., Eosine J., Eosine GG. — Under these names, and 
powtibly othei-h, Is sold the potaHsimn salt of tetra-brom- 
fliioreKcein, C,,„H.,Br|0-,K,: this dyes brifjhtreds of a yellower 
'I'iip tliHii other eoHiiies. 

Eosine BN. Safroslne Under this name is sold the potas- 

'■itiiu salt of dihroma-iliiiitro-duoreacein, C„,|H.„Br.>)^(NO,j)jK.j, 
iviiich dyes much bluer sliades than the last-named product 
Erythrosine, Eosine J., is the potassium salt of tetraiodo- 
fluori'scfin , C.„H,,I,(),.K.,. which dycH bluish reds. 

Phloxine, Erythrosine B. and Phloxine T. are bromo- 
chloro-lluoresceins, and dye very blue shades of red. 

Rose Bengale is the potassium salt of tetraiodo-dicldoro- 1 
fluorescein. It dyes the bluest shades of all the eosine ;^up 
I if dyesturtk 

Two iliH'erenl sulist-ances are sold by vanous makers as 
eosine J. 

The L-osines are characterised by dyeing shades of red 
gf (jrnat brilliance, but, unfortunately, they are verj' fugitive 
n expuH«>d t-o nir and light. 

cff, espetiiftlly the yellower brands, are used in the 



148 ETHER— FELSPAR. 

manufacture of vermilionettes, royal reds, imperial reds, .signal 
red, and other red pigments of a bright scarlet colour, their 
use for this purpose depending on the fact that they give 
with lead and alumina insoluble colour-lakes. Eoeine lake- 
pigments are always mixed with such bodies as white lead, 
barium sulphate, lead sulphate. See the author's Manual nf 
Painters Colours ; and the articles in this work on Ver- 
Tiiilionette and Royal Reds. 

ETHER. — Sometimes called, to distinguish it from other 
ethers, sulphuric ether. It is an extremely light, volatile 
liquid, having a specific gravity of 735, has a pleasant and 
characteristic odour, boils at 405° C. (105" F.), and leaves 
no residue on evaporation. It mixes readily with alcohol, but 
not with water. It is a powerful solvent of oils, fats, resins 
and similar substances. It has the composition shown in the 
formula (C.^H.j.^0. The commercial product usually contains 
92 to 94 per cent, of ether. 

Ether is prepared from alcohol by heating with sulphuric 
acid ; methylated spirit may be used, in which case the pro- 
duct is known as ** methylated ether '*. 

ETHYL ALCOHOL.'— See Alcohol. 
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FATTY ACIDS. — The name given to a number of acid 
bodies found in the animal and vegetable fate and oils and 
in waxes. Their names have already been given under />ry- 
iny Oils, 



FELSPAR, one of the minerals found in granite, \h 
tially a double silicate of alumina and potaasiom, or soda 
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FERRIC OXIDE. 



The coiiimoneHt ia the potash felspar. Tht? principal 

v'Hrietiw of Felspar are orthoclase, the potash felspar ; albite, 

thewdH felspar; oliyoclase, the aoJa-linie felspar ; anorthite, 

I'tiie liine felspar : ami labratlorite, the Unie-soda felspar. 

r Orthoclase, the potash felspar, has the percentage com position : 

"lies, tiia ■ alumina, 18'5 ; potash, lOft, Occasionally some 

"pscimeiiH contain a little sodium in place of the ]>otash. The 

fMiBuk is AI,Oa.3SiO,„ K,OSIO„ 2SiO.,. The specific jjravity 

■* 2'6. It is hard and iii-soluble in all acids except hydrofluoric 

•eid. It is slightly opaque, generally of a pink coloiii', but 

^hite. grey or brown felspars are met with. Albite, the soda 

'filspftT, has a similar composition to orthocla.se, but has sodium 

1 place of potassium. In hardness and specific gravity it is 

lhi> same. Its crystalline form is somewhat different from 

'hilt of orthoclase. The other felspars are not so important. 

Wlieti exposeil to the atmosphere the felspai's become more 
ur less <iectmip(JMed ; the alkali they contain is washed away 
by the combinetl action of the water ami carbonic acid of the 
air, while the silica and alumina remain behind and form a 
liydratcd silicate of alumina, which is known as kaolin, or 
Vliinii f'l"!/, which see. 

FERRIC OXIDE, the most important of the osidt-H uf iron. 
has a composition corresponding to the fonnula, Fe.^O.,. It 
oecai-B liaturally in a great variety of forms, as the mineralti 
known as hsematite. limointe, specular iron ore, etc. It is also 
founil in other rocks and minerals, it is the colouring agent 
in uchivs. siennas, umbers, and other natural eartii pigments 
of a yellow to brown colour. It forma the basis of many red 
pigments, rouge, colcothar, Indian red, red oxide, etc. It is 
soluble in acids, when it forms the ferric salts, many of which 
are of some service. When ammonia or caustic soda is added 
lo a solution of a lennc salt the hydroxide, Fe^HuO„, is thrown 
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down as a flocculent foxy brown precipitate, which on i^iition 
loses water, and becomes transformed into the oxide. See also 
Colcothar, Rowje, Indian Red, Iron Oxides. 

FERROUS SULPHATE This salt of iron is one of great 

importance, and is manufactured on a large scale by various 
processes, chiefly by the oxidation of pyrites by exposure to 
the air. It forms very fine, pale green crystals, having the 
composition shown in the formula, FeSO^, 6H.^O. It Ls known 
commercially as copperas, and two kinds are distinguished, 
t free a copperas , the name for the freshly-prepared crystals ; 
and hroivii copperas that for the green crystals which have 
been exposed to the air for a short time, and have, therefore, 
become incrusted with a slight brown coating of the oxide of 
iron. Kept in a dry place ferrous sulphate is fairly stable, 
but if exposed to moisture and air it soon becomes oxidised. 
It is soluble in water without much difficulty ; the solution, 
is, however, not stable, as a deposit of ferric oxide forms, 
while ferric sulphate remains in solution. Ferrous sulphate 
is employed in the preparation of Prussian blue, rouge, reii 
oxide, Indian red, and fuming sulphuric acid, for dyeing and 
other purposes. For all these purposes it should be free from 
any insohible matter, as also fix)ni lime and ferric oxirle. The 
following are analyses of commercial samples of copperas : — 

Greeu Copperas. Brown Copjiera,'*. 
Per C'eut. Per CViit 



Iron . . . . . 


18-68 


17-22 


.Uumina . . . . 


1-71 


2-00 


Sulphuric acid 


87-21 


36-63 


Water of crystallisation 


'12-40 


44-15 



FIR SEED OIL. — This oil is obtained from the seeds o£ 
several species of Co'ttiferiC, Pinii^ sijivestrisy Pinus piow 
etc. It is a limpid oil of a pale yellow colour and a sweefei 
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■wto. Its i^pecific {jravity at 60" F. varies from 0925 to 

Ffl'flS], varying with the species of pine or' fir, from which 

s 'lerived It does not solidify until the temperature rises 

lo iT iir 30° C. It requires 10 per cent, of caustic potash to 

^Mpunify it, and absorbs 118 to LIS) per cent, of iodine. It 

8 fairly easy, although not quite so well as ^linseed oil ; 

pu, therefore, used in making paints audjvarnishes. 

FLINT. — This substance is found in theviorm^of roun<i 
piMus of irregular shape and size in the chalk. The pieces 
•fe fovered with a white cru-st. but the interior isjof a brown 
™ hiaek colour. It breaks with a .nmooth fractui-e. It is 
Bieeedingly hard and will scratch glass. It is almost pure 
"ilica in ita composition. It is largely used in -the -jwttery 
"idustry for making various kinds of earthenware and 
porcelain goods. 

FLORENTINE LAKE A red lake pigment prtrpared from 

Wchiueal by precipitation with alumina. In properties it 
'e-ifiiibles Vrimaoii Lake, which see. 

FOUSEL OIL. — This in the name given to the crude amyl 
iiicohol, obtained in th-- manufacture of whisky from ■ potatoes. 
.Sec.4m,(/; Alcohol. 

FRANKFORT BLACK This black pigment is prepared 

fruin the twigs of trees, cork, etc., by heating thum in a closed 
vessel, then washing with water and drying. The dried black 
is niised with a little glue water and made up into large pear* 
shaped masses, or drops &a they are called ; hence this black 
IS also known as drop black. It is a black pigment of tine 
!■ xiure, varying in hue from a bluish-black to a reddish-black, 
lliiB diti'enmce in hue defending upon tlie character of the 
^B|»terislB from which it is made, vegetable matters tending to 
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give a bluish-black, animal matters a reddish-black. The 
colour of Frankfort black is due to carbon, of which there is 
usually from 65 to 70 per cent, present in good samples. The 
rest of the black consists of moisture amounting to 2 to 3 per 
cent., and mineral matter. This, if the black is prepared 
from animal matters, will contain phosphate of lime ; if from 
vegetable matters it will consist chiefly of alkaline salts, and 
will not be present in as large a proportion. 

Frankfort black is largely employed in making printing 
inks, although it is being superseded by the vegetable blacks 
and carbon blacks, which have been introduced of late years. 

FRITS are a class of half- vitrified bodies used in the manu- 
facture of pottery, and made from flint, china clay, bone ash, 
etc. Their composition varies with the character of the pott^^ry 
of which they are to form a part. 



G. 



GAHN'S ULTRAMARINE, a name given to Cobalt Blue, 
which see. 

GAMBOGE. — This is a gum-resin of a bright yellow colour 
obtained from Garcinio morella^ a tree which grows very 
extensively in Siam, from which gamlx)ge is exported in large 
quantities. The resin is obtained from the trees by making 
incisions and collecting the resin which exudes. It is then 
melted and poured into the hollows of bamboo canes, whereby 
it is moulded into long cylindrical pieces, in which form it 
usually makes its appearance on the English market. It is 
rather brittle, and is easily converted into a yellow powdec 
On this account the pieces of gamboge are often covered witlr 
a When broken it exhibits a oonchoidal fraetur 
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witli H ntreous lustre. It is translucent in maun, but wheii 
view] in thin sJiceH it is transparent. It is partially soluble 
in ffaiifr, givintj a yellow coloured suhition, which in alifihtly 
t'lrbiii, The solutiou has » slight taste when tiint taken, 
liat diivplops an acrid after-tiwte. The resin possesses purga- 
'"w (ircijierties, un which account it is often employed in 
uiwlicini;, 

Tlie following analysis of gamboge made by the author 
•hovH the composition and constituents of gamlwge : — 

Per (.!niit. 

Moisture 2-50 

Mineral matter 1-05 

Resin, soluble in elber . . . 66'Od 

Wax, soluble in aJcohol . . . 4-31 

Gum 26-03 

Tu Uu- resin whiuli is found in gamlwue, and to which its 

iloui-inj; power i« due. tlie name of gaudwgie acid Uan been 

m. and the formula Cj^Hj^O,,. It can Iw obtained from 

gamboge by treatment with ether. On evaporating ott' tlie 

solvent it is left behind as a transparent, vitreous and brittle 

moHH breaking with a conchuidal fracture. When in mass it 

has a redil is h -orange colour, and forms a yellow powder. It 

lia^ ii<> odour or taste, and appears to be destitute of purgative 

properties. The resin is readily soluble in ether, alcohol and 

chloroform ; petroleum spirit has but a alight solvent action 

on it. Alkaline solutions readily dissolve it, forming' dark- 

lourtKl solutions ; it dissolves also in solutions of the alkaline 

rbonates with evolution of carbonic acid, thus showing that 

nes acid properties. On acidifying the alkaline solu- 

i8 the resin is thrown down in the form of flakes. This 

in forms the largest proportion of gamboge. 

The wax of gamboge, which is insoluble in ether but soluble 

alcohol, is a soft bi-ownish substance, melting readily at 
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a low temperature. It has a bitter taste, which is very per- 
sistent, and appears to have purgative properties to a slight 
extent. It dissolves in a solution of caustic soda with a brown 
colour, but it is reprecipitated on addition of acids. 

The gum of gamboge forms a brownish mass, which is 
somewhat transparent. Its taste is sweet. Its adhesive 
properties are but slight. It is soluble in water, giv4ng an 
opalescent solution, which becomes clear on the addition of 
acids. From the aqueous solution the gum is not precipitated 
on adding lead acetate, ferric chloride, mercuric chloride, borax 
or alcohol. It seems to be a glucoside, forming a sugar on 
being hydrolysed. 

Gamboge is employed as a pigment in water-colour painting 
and as a colouring matter for spirit varnishes. 

GASOLINE is the name given to the lightest product 
derived from petroleum imported into this country. The 
crude petroleum, as it comes from the wells of America, is 
sent into the refinery and there distilled in large stills (capable 
of holding from 25,000 to 50,000 gallons) with fire, or with 
fire and steam The first light volatile products are collected 
until they have a specific gravity of 0*729 ; they constitute 
what is known as crade naphtha. 

This is subjected to a process of refining by treatment 
with sulphuric acid and caustic soda in succession and then 
distilled fractionally, when it is usually separated into the 
following fractions : — 

Specific Gravity, 

Rhigoline or cymogene (used for surgical 

purposes) 0*636 

Gasoline (used for carburetting gas) • 0*642 

Gas naphtha (used for lamps) . . 0*678 

Benzoline 0*690 to 0*707 

Benzine or naphtha (for varnish making) 0*730 
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Gasoline is a water-white and very volatile licjuid used for 
dissolving resins, carburetting gas, eta 

Its specific gravity rarely exceeds 0*650, but is usually lesa 
It ought to distil almost entirely at the boiling point of water. 
Gasoline has a complex chemical compasition, consisting chiefly 
of the lower members, butane, pentane, hexane, butene, pentene, 
hexene, of the paraffin and olefine series of hydrocarl)ons. See 
Parajffiiis and Olejines. 

GELATINE. — This is the name given to the nitrogenous 
organic substance which forms a great proportion of the 
animal tissues of bones, skin, etc. This body appears to vary 
slightly in composition according to the portion of the body 
from which it is obtained. The following analysis shows its 
average composition : — 

Wt ( 'ent. 

Carbon 50*0 

Hydrogen .... 6*6 

Oxygen . . . . 25*1 

Nitrogen . . . . 18 '8 

It possesses the following properties : If dry and placed in 
cold water it al)sorbs it and swells up forming a jelly-like 
mass, but is insoluble in cold water. In boiling water it 
dissolves, forming a viscid solution which passesses strong 
adhesive properties. On cooling the mass sets into a jelly. 
This gelatinising action of gelatine is very strong, from 1 to 2 
per cent, of gelatine dissolved in hot water being sufficient to 
cause the mass to set into a jelly on becoming cold. Gelatine 
is precipitated from its solutions in water by tannic acid, 
mercuric chloride and alcohol Acetate of lead and potassium 
fen-ocyanide do not precipitate it. 

Gelatine is soluble in strong acetic acid. Such a solution 
forms the basis for the many cements which are sold for glass, 
etCL, its adhesive powers being very strong. Mineral acids, 
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such as nitric and hydrochloric, also dissolve gelatine. Suel^ 
solutions have also been used as cements. Gelatine is also 
soluble in alkaline solutions 

When gelatine solutions, whether in water, acids or alkali^^^, 
are boiled, the gelatine undergoes hydrolysis and loses it>« 
power of gelatinising, and if the boiling be prolonged ther-^ 
is found among the products leucine and glycocoll. JToi 
ty rosin is formed, a feature which distinguishes gelatin.^ 
from other proteid bodies. 

Chromates, under the influence of light, have the pro- 
perty of rendering the gelatine insoluble in water. Thi« 
property is taken advantage of in photography to a very 
large extent. 

Gelatine forms the basis of glue (see Glue), while it if? 
prepared in a fairly pure condition and sold as gelatine for 
a variety of purposes. The method of making these will be 
briefly pointed out in connection with glue. Isinglass, which 
is largely used for making jellies, is a fairly pure form of 
gelatine. 

Good gelatine should be quite clear and transparent when 
in thin sheets. It should not yield more than 1^ per cent, of 
ash, although some samples contain as much as 2 per cent., 
which is the maximum allowable. Samples which contain 
more may be put down as adulterated. When soaked in cold 
water gelatine ought to absorb as much as will suffice to 
dissolve the swollen gelatine when heated to 80° or 90*" F. 
The amount of gelatine may be approximately ascertained by 
dissolving the sample in water and adding alcohol to precipitate 
the gelatine, which is collected on a filter and, after drying, 
weighed. See Lambert's Bone Products and Manures. 

GLAUBER'S SALT The crystallised sodium sulphate, 

Na.,SO.lOH.,0, is known under the name of Glauber's salt 
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t i" IsTfrely employed in dyeing, in glaisM maltin; 
jWher purposes. See Sodium Srdpliate. 



GLAZES (in pottery maimfactnre) are tliose tnaterials 

pbieh are employed to give the glaze on thu exterior of the 

Wleiy, For this purpose there is employed salt, lead acetate, 

!, Sometimes a metallic oxii^e. like the oxiden ol 

™lt, copper, iron, etc., is added to the glaze for the purpose 

r of colouring it It is impossible here to give any details Foi 

P tfau prpptiration of these glazes ; for this reference should be 

""lie to books dealing with pottery manufacture, such ftS the 

'•finnuil iif I'-rarfi.cid Puttiiif) and Ceramic 7'i-cfinoloyy, seni 

"lit from the offices of the Putlenj Gazette 

CLUE.^TIiis valuable product consists essentially 

Jf-laiine, and in prepared from a variety of animal products. 

'' vsriefi very much in purity and quality, from the almost 

C'lloorless varieties of gelatine and flnh glues, which are nearly 

pure gelatine, to the dark-eoloured, thick, long Scotch glues 

i-i they are calle<i. Glues are made by digesting bones and 

itliur animal tiasues at a low temperature (best in a vacuum 

.ipparatusj, then clarifying the liciuor from any insoluble 

jmrtiona, setting this in moulds to cool, and, when cold. 

cutting it into thin slices and exposing these on netting 

until drj', when the glue is ready For use. The palest glues 

are made from the best materials, and the hot lii|Uors are 

generally clarified or bleached by treatment with sulphurous 

acid, or tillering tfirough animal charcoal l>efore cooling and 

drj-ing. The darkest glues are made from Ixmes, etc., and are 

not trootud before drying. The chemical properties of gelatine 

have already been given under Gelatine, and glue necessarily 

« the same properties. 

■ GocxI glue ordinarily contains from 1 2 to 18 per cent, of 



water, and from 1 J to as much as 5 per cent, of mine: 
matter, The examination of glue for quality may Vw eoac 
ducte<1 in the following manner: — 

Moiahire. — Two or three grammes of the ylue are brok 
into small pieces and kept in a hot oven at from 105" to 115° t 
until the weight is constant. The loss of weight represera 
the amount of water contained in the glue. 

Mineral Matter. — The ghie from the last test is transferr* 
to a porcelain (or, better, platinum) crucible and heattid i 
bright redness until the whole of the carlxinaceous matter hM 
been burnt olf. The i-esidue is weighed. It may then t3 
subjected to a iiuaiitative analysis, if it be desired to aacert&u 
something of the source of the glue. If the glue haa \»ea 
made from bones the ash or mineral matter can l>e fused i 
the Bunaen burner. It will contain calcium phosphate ftn<J 
yield little or nothing to water. Tn any case an atjueouA 
solution will be neutral. Glue made from leather shavings 
or from skins gives a residue of mineral matter which ia not 
fusible, contains little, if any, phosphoric aciil, and ia alkaliuu, 
owing to the presence of quicklime. 

Acidity. — Glues are sometimes acid in reaction, due either 
to a natural acidity of the materials from which they are 
made, or to the use of sulphiu-ous acid for bleaching theglne. 
The proportion of acidity may be ascertained by taking lO 
grammes of the glue and di'wolviug them in 100 c.c, of hot 
water; then, if the glue he not too dark, a few drops of a 
solution of pbenol-phthalein are added and the solution titrate^' 
with a Htandaid solution of caustic soda until a permanent 
pink colouration is obtained. The colour of the solutions of 
dark glues will not permit of this method of examination, lu 
this case 2.5 to 30 grammes of the glue are diusolveil in 100 tt 
of water and the solution distilled until one-half the voInmS 
has come over. The distillate is then titrated with standani 
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caitNiic soda, iLxing phenol -phth a lein a« an indicator. For the 
'ake of comparison the amount of acidity may be calculated as 
C'I'ihI to sulphuric acid, 

Ahmrhinij Power. — The amount of water which glues are 
wipithle of absorbiufT is a fair teat of tlieir quality. A piece 
'jf gluB of known weight is placed in a saucer of water and 
nilowfd to Btand for twenty-four hours, after which the 
Ji^'iy-like maas that is formed in removpfl and weifjheii, 
T"!^ proportion of water absorbed can then be calculate'l. 

Consists iic-y of SultU'im aii'l Ji'lly. — Two to five grammes 
"' thiighie are placed in 166 cc. of water and allowed to stand 
■)^ei- night. The next day the mixture is heated nearly to the 
'•oiliiig point until the glue is completely diasolved, when it is 
I'laoeJ on one side and allowed to set into a jelly, the con- 
''istsncy of which can be compared with a wimilar jelly made 
'roui a sample of good glue. Then the jelly may be heated 
"'p as tn ili.s.solve the glue and the consistency of the liquor 
Wiuipared with that prepared from a standard piample. 

^Fo^ further infurmation on ghie see Dr. H. Rideal's bofik 
Qtue and Ghip TtMiii<i. 

GLYCERINE. — ^This substance is found a.s the basic consti- 
luvnt of all animal and vegetable oils and fatH, from which 
bodies it is commonly obtained on the large scale. It is also 
formed in small cjuantity during the feniientatton of sugar 
into alcohol. When an oil is boiled with caustic soda or 
caustic potash the acid of the oil (see D-rijinij Oih) combines 
with the alkali to fomi a soap, while the glj'ceryl radicle 
combining with the hydroxy! of the alkaH forms glycerine 
or, as chemists now call it, glycerol. The glycerine (which 
in the Dame ttiat, as being most familiar, will be given to it 
here) is found in the aqueous liquor which is obtained ''the 
npent lye of tlie soap maker) when the soap i.s thrown out of 
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Holutioii by the aildition of salt. From th^e spent lyi 
glycerine ia recovered by a process which eonsiata in neutral- 
ising the lye with hyilrochloric acid, evaporating tlie li((Uoi 
<iown, separating the salt which crystallises out, decolourismg 
the liquor, if required, by means of animal charcoal, then 
•listilling the glycerine in a vacuum liistiliing appai'atu^. Ic 
place of decomposing the oils or fats with alkali they are uftem 
decomposed by means of a small proportion of lime undei 
great pressure in an autoclave, or by distilling them with 
superheated steam. 

Glycerine is a water-white, very viscid liquid, having a 
specific gravity of 1*270 at (50" F. when pare. It is a powerful 
alworbent of water, ao that it cannot he. kept exposed to the 
air. When heated it is slightly volatile, not without soma 
decomposition. It is incombustible under ordmary circum— 
Atancee. and will only bum when heated and with excean o: 
air. The flame is luminous, but very smoky. It is solubU 
in water, with which it will mix in all proportions, the »pea&* 
gravity of the mixture varying with the proportion of 
to glycerine, so much so that given a simple mixture o 
glycerine and water the proportion of glycerine may 1» 
ascei-tained with a fair degree of approximation to the trut. 
by ascertaining the specific gravity. 

Glycerine is insoluble in ether, carbon bisulphide, chloro 
form, peti-oleum spirit, benzene. 

It possesses very powerful solvent properties, dLssotvio^ 
such bodies as caustic soda, lead oxide, sodium carbonftts^ 
potassium sulphate, copper sulphate, quinine, etc. 

When glycerine is heated with -strong sulphuric add or 
other dehyirating agent, it is decomposed and acrolein, diw- 
tinguished by its strong odour and irritating action on the 
eyes, is obtained. When boiled with an aqueous solution of 
potassium permanganate, made alkaline with caustic soda, it is 
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Inidised to oxalic aciil, the reaction taking place in quantita- 
itlve proportioiiis, so that it may be taken ailvautage of to 
l^terniine the pfoportion of glycerine in aoap leys, etc. 

The following table gives the specific gravity of glycerine 

^Mlutioii at 15- C. (60" F.i :— 
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One very good test for glycerine ir^ by nn.-aris of boras, 
Aich ia carriei) out in the following manner : A weak solu- 
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tioii of borax is maile, and to it 'm added a few drops of ik-:* 
alcoholic solution uf phtiuol-phtlialein, which will produce -i 
rose colouration. The liquid which is to be tested for f;lyceriim • 
is made neutral, or even faintly alkaline to htinu)4.and is addes* 
to thu borax solution until the rose colour is dwcharged, sho»^ 
ing that the liquid has now an acid reaction. This is iIim.*. 
to the fact that borax and glycerinii combine together t-*i.' 
form a compound having acid properties. <^ii boiling tlie 
mixture the rose colour again appears, but on cooling again 
disappears. 

GOLD LIQUID. — A preparation of precipitated ^Id ami 
oil of tar, usually containing 12 per cent, of metallic gold, ami 
employed in the gilding of porcelain and pottery. The oil of 
tar aerves as a vehicle for the gold. On the articles being put 
into the kiln it burns oti', leaving the gold behind. The pre- 
cipitated gold is prepared in the following manner: Gold of 
the best quality is taken and placed in a mixture of 6 parts 
of hydrochloric acid and 2 parts of nitric aeiil ; etferveaeence 
will occur and the gold will gradually dissolve, the actioa 
Ix'ing promoted towards the end by a gentle heating. The 
aciils should be allowed to take up as much gold as they will, 
so as to obtain as neutral a solution as possible. To the 
eolution is added a little of the be-st grain tin. There will 
usually be required an amount of tin equal in weight to tiie 
gold dissolved. The tin will precipitate the gold in a very fine 
form. This is collected on a filter, carefully washeil with 
water, dried and mixed with the oil of tar in the proper pro- 
portions. Sometimes a mixture of 2 parts of oil of amher 
and 4 parts of gurgun balsam is employed as a menatruum in 
place of the oil of tar. If the above mixture of gurgun and 
amber oil be too thick it may be thinned down by the addition 
of more oil of amber. Anotlier method of precipitating the 
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gold is to make a solution as before and to add a solution of 
ferrous sulphate made rather dilute. The gold will be thrown 
down. It is collected on a filter, well washed with water and 
dried, when it is ready for use. 

GREEN LAKE. — Under this name used to be sold mixtures 
of Prussian blue with yellow lake. What is now sold as such 
consists of lakes precipitated from aniline or coal tar green 
dyes on a base of barytes or some other white pigment. 
Their preparation is fully described in the author's Maniuil 
of Painters' Colours^ 

GREEN VERDITER.— This pigment is the carbonate of 
copper prepared by precipitating solutions of copper salts 
with carbonate of soda or carbonate of potash. It has a pale 
green colour of no intensity, and but little covering or colour- 
ing powers. It has practically become obsolete as a pigment. 
Green verditer should be completely soluble in hych^ochloric 
acid with etfervescence. Sulphuretted hydrogen will throw 
down from this solution a black precipitate of copper sulphide. 
The filtrate from this precipitate should not give any further 
precipitate on the addition of ammonia, ammonium sulphide, 
or ammonium oxalate. 

GRIFFITH'S ZINC WHITE.— This is a white pigment 
which contains, as its essential ingredient, zinc sulphide, 
which is present in combination with zinc oxide and barium 
sulphate. Its average composition is shown in the following 
analysis made by the author : — 





Percent 


Hygroscopic water . 


1-36 


Combined water 


3-71 


Zinc oxide, ZnO 


9-18 


Zinc sulphide, ZnS . 


23-04 


Barium sulphate, BaS04 * 


62-54 



^ttg^^^^^^^ OLTIGHETS GREEM.* 

It closely resembles Orr's white, and iu made by a simil.^ 
process. It is a pigment of good body aiid intensity of coloi 
works well in oil, and is permanent on exposure to the a 
See Orr's Wfiite for further details. 

GUIGNET'S GREEN This is the hydrated oxide oH 

ehiijuiiiim prepared by heating bichromate of potash witb 
boraeic acid. The excess of boracic acid and the potassium 
Bait which is formed is washed out with water, leaving the 
pigment hehinil as an insoluble green powder having n fairly 
bright colour. When dried and sold as a powdei- it is gene- 
rally known as chrome gi-een ; but for certain purposes, e.f/., 
calico pnnting, it is sold in the form of a paste, containing 
from 40 to 50 per cent, of actual colour as Guignet's green. 
Guignet's green is a pigment of a tine green colour of a 
slightly yellow tone. It mixes well with either water or 
oil, and has good body or covering power and colouring 
power. It is unaffected by exposure to light and air and 
mixes well with all pigments without affecting them or being 
affected by them. 

When properly made it is insoluble, or nearly so. in hyiiro- 
chloric acid. The solubility, however, depends upon the degree 
of heat to wliich tlie oxide has been subjected — the stronger 
that is the more insoluble becomes the pigment. A good 
sample of Guignet's green should not impart a yellow colour 
to hydrochloric acid. A Ixjiliiig solution of caustic soda should 
have no action on it. On dividing the solution into two por- 
tions and to one adding acetic acid no yellow precipitate 
(indicating the presence of chrome yellowj should be obtained ; 
while, if to the other portion hydrochloric acid and ferric 
chloride be added, no. blue precipitate (indicating the preaenos 
of Prussian blue) should form. It is with the pigments Just 
iiamed that Guignet's green is usually adulterated. 
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GUMS. — Under this generic term there comes into c 
""■rw; a iminber of products of different properties- and i 
'''■' oiily resemblances between them \iving that they arc i 
"laiiicd From trees, have a similar appearance, and ai-e palc^ 
"" colour, glassy and more or less rounded. The gums may* 
'"■ ilivided into (1) gums proper, (2) gum resins, (3) resins, 
"111 (4i india-rubbur gums. 

The gums proper, which comprise gum arabic, gum 
triigacanth, gum gliatti, etc., are eliaracterised by being i 
'■ilher completely soluble in water, such as gum arabic or 
i.'im Senegal, or are altered by water, whicli causes them 
'■1 swell somewhat ; such are gum tragaeanth and gum ghatti. 
Tlie gum resins are those which, like gamlM>ge, contain IwUi 
a gummy matter and a resin. The resins are hard and brittle 
hoilies. insoluble in water, and often nearly so in alcoliol. 
'riiey vary much in their properties, and are valuable piixlucta, 
especially for varnish making. The last clas-s comprises indio-. .' 
rubber, gutta-percha, and gum halata, which have special 1 
characters, properties and uses. 

Tlie following gums and resins are those which : 
ioust importance in the preparation of paints anil varnishes : 
at^craides, gum animi, gavi arable, ifu/ni be-ntoin, 
•iijjiU, gum ilamtntir, ijum f.Uini, gum kauri, gwm 
vnaelic, gum tianditrac, gwm thiis, gum tragaeanth, shellac 
and ronin. Thuse are described under their names as italicised. 
For shellac see Lac, 

tGUM ACCROIDES This gum is &\m known as black bey 
B, Xanthorrhea resin, etc. Thi' gum, or rather resin, is 
obtained from several species of X<inift.ori-hfa trees, which 
are natives of Australia. It has of late years been largely 
nported into this country for employment in varnish making. 
B resin exudes from the trees to a large amount during the 
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hot season, and is also foond imbedded in the stems from 
which this resin is obtained by crushing the wood and sifting 
the powdered resin from the woody tissue. The resin is 
obtained principally from the Xanthorrhea ausiralis, which 
grows in many districts of Victoria ; Xanthorrhea hastilis 
and Xanthorrhea arborea. The resin is distinguished as red 
or yellow accroides. The yellow variety comes from Xan- 
thorrhea australis and the red variety from Xanthorrhea 
hastilis and Xanthorrhea arborea. All the varieties dissolve 
in alcohol, giving strong yellow solutions, for which reason 
they are employed in varnish making. They have a pleasant 
aromatic odour. Nitric acid has a strong action on the resin, 
the principal product of the reaction being picric acid. 

GUM ARABIC. — Under this name there comes into the 
English market, from African ports chiefly, a gum which is 
of tn*eat value and much used on account of the fact that it is 
almost the only commercial gum which is completely soluble 
in water and yiel«l** a strongly adhesive mucilage. Another 
name for this gum is gum acacia, as it is yielded by varioas 
species of Acacia trees. Gum arabic is, however, the name 
by which it is Iwst known in the trade. 

There are many species of Acacia trees profusely distri- 
buted over many of the tropical portions of Africa, Asia and 
Australia, and all of them are producers of gum. The gums 
from various species of Acacia vary a little in appearance, but 
all are more or less soluble in water, yielding a mucilage which 
has strongly adhesive properties. The gums are distinguished 
in commerce by terms descriptive either of their place of 
origin or export, and of their quality, such as picked Turkey, 
white Sennaar, gum Senegal, Cape gum, Mogador gum, 
ghatti, Indian gum, brown Barbary, wattle gum, etc. 

Picked Turkey Arabic and White Sennaar Arabic \ 
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e produoJ of Actn^ia Sewgal, a tree which growa in the 
^pper NUe regions and in Kortlovan, where it is collected by 
Hinut and sent to Egyptian porta for export. The best 
'|iulitieH of gum, free from woody matter, pale in colour aiitl 
Wasteless, are what are known liy these names, dam- Sene.yal 
'It tlie produce of the same apocies of Acaria, growing in the 
I'Vunch province of Senegal. This variety is not of so good a 
'luality as the last. It is generally of a dark colour, in larger 
IJieees, and not so completely soluble in water. The great 
hulk is sent into France by way of Bordeaux, but little 
coming into England- The best (jualities of both the sorts 
just noted are used for pharmaceutical, confectionery and 
other purposes. The et)mmoner qualities are employed in 
laliCQ printing, varnish making, and the preparation of muci- 
lagBS, The true gum arahic comes chiefly h'om the Soudan, 
where it is found as the pi-oduce of two species of Acaeia, the 
talch or talha tree {Acncia atenocarpa) and the soffar tree 
(Atrar'in Ski/hI) of the Arabs. Houdan, or as it is sometimes 
called Suakim, gum comes from the Tipper Xile i-egiona. It 
finds its way into commerce thi-ough Khartoum or through 
Suakim, which i.s a port ou the Red Sea. Since the Soudan 
war the supply of this variety of gum arable has become very 
r^matl. Morocci' 'jam a/rahu- is said to come from the Acarin 
ijiDmai/i-rti, but this is rather doubtful. It is obtained in 
but small ijuantities, and is chiefly imported by way of 
Mogailor. In colour it is rather browni.sh, and is hence often 
named brown Barbary gum. It is somewhat larger in size 
than most other gums. Vupe i/um : The doorboom, Ac.ficin 
k'jrrida, one of the commonest trees in South Africa, yields 
a large quantity of a brownish gum, whicli sometimes liiida 
it« way into the English market under the name of Cape 
;,nim. U is used very largely in South Africa in place of 
^nin arable. It diflere from the typical gum arabic in not 
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being so completely soluble in water. E<i8t Indian f/um 
arable : Much of what finds its way into English comuierce 
as East Indian gum is really derived from East African 
sources, which are in the first instance exported to Aden or 
Bombay, and from thence to England. In its general charac- 
teristics this variety does not difter from Soudan or Suakim 
gum. Several species of Acacia flourish in India, and these 
yield gum which is used locally, and but little, if any, finds 
its way to England. About these Indian gums little is known 
as regards their characteristics and composition. The Acacia 
arabica grows in the provinces of Bengal, Deccan and Coro- 
mandel, and yields a gum of fairly good (luality. The AcoA^la 
catecliiiy the cutch tree, yields a darkish coloured gum, which 
is otherwise equal to gum arabic in quality. The Aawia 
speciosa yields a gum known in India as ffum siris, which 
is stated to have some good qualities. Besides those just 
noted there are other species of Acacia growing in India 
which yield gum in small proportions ; of these little is 
known. Mention may be made here of ffitm Gliatti. This 
is sometimes met with in England, although the gi^eater 
portion of that which is collected is used locally. This gum, 
although resembling gum arabic in appearance, yet differs 
from it in not being completely soluble in water. When this 
gum is placed in water it swells up forming a voluminous 
jelly-like mass, with little adhesiveness. The uses of gum 
Ghatti are very limited. In Australia several species of 
Acacia grow, chief among which are AcoA^ia decumtis, 
Acacia pycnantha, Acacia homalophylla, and others. They 
are generally known as wattle tree«, and the gums from them 
as wattle gums. As a rule they are of good quality. 

The following description is applicable to nearly all tkm 
varieties of gum arabic found in trade : It occurs in roundul 
or ovoid, or even in vermicular-shaped pieces of various 
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'^'^ 'surfaces always Kave a glist^iiin^ appearance. lu coloar i 
^Dmrabic varies much, from pale almost colourless pieceN la ' 
the lx«l (torts to dark brown in uoiiie of the common qualitiea ^ 
■jf fiarbary and Senegal gum. It is somewhat friable, although 1 
'^mv gutoB are leas so than others. 

Gum arable is t^uite soluble in water, although it is 
puwible to find some lota which contain a small proportion J 
•jf insoluble gum. The best qualities take about U times j 
their own weight of water for nolution, when they form I 
« thick viscous mucilage. Gum arabic ia insoluble in alcohol, j 
if ihia boily be added to atjueous solutiona it causes the 1 
precipitation oF the gum. The addition of a solution of I 
cub.»ceiate of lead to gum eolutions causes the formatioa I 
of a white opaijue jelly. Alumina sulphate added to solu- | 
tious of gum makes them more viscous and more adhesive in I 
tliiiir piopertiiM. Iodine does not pi'Oiluce any colouration 
in gum solutions. When lioiled with nitric acid gum is 
omvurted into mucic and oxalic aciiis. (jum solutions boiled 

Rh dilute sulphuric acid are decomposed, dextrine and sugar 
1^ funned. 
Gum arabic consists essentially of arabine, a compound of 
lime with arabic acid (Ci^ll^^O,,). Besides this compound 
there is also present traces of sugar, dextrine, colouring 
matters, a little tannin, and a small quantity of mineral 
matter. 

The nuality of a sample of gum is liest determined by 
lation of itK colour, appearance, solubility in water, 
ieoQsistence of its solution and its adh&HJve propin'ties. 

CUM BENZOIN. — This gum, also known as gum benjamin, 

|1)ah«amic resin obtained from a tree, the St)/rax benzoin, 

I grows abundantly in Sumatra, Java, Borneo, Siam 

Adjacent countiies. The resin is extracted from the treea 
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by the Malays by making incisions, from which the resin 
flows out. One tree will usually give about 3 to 4 lb. 
annually for about nine years. For the first three or four 
years the resin is of superior quality, of a yellowish-white 
colour, soft and fragrant in odour. After four years the 
quality of the resin deteriorates by its becoming harder, 
darker in colour, and less fragrant. After nine years the 
product is not worth collecting. 

The benzoin which comes into England is imported almost 
entirely from Siam and Sumatra. There is some difference 

ft.' 

in the appearance, properties and compasition of these two 
varieties of benzoin. 

Siam Benzoin is found in the form of agglutinated, flat- 
tened, somewhat opaque white tears, or in large blocks con- 
sisting of white masses distributed through an amber-coloured 
translucent matrix. It is brittle and has a strong vanilla-like 
odour, which is very characteristic. Heat softens and then 
melts it, the melting point being 100° C, while it is soft 
at 10° C. It is soluble in alcohol and ether, gives ott' large 
(juantities of benzoic acid when heated, benzoin, in fact, being 
the raw material for making that acid. Besides benzoic acid 
the resin contains some woody matter, a little cinnamic acid, 
and a small (juantity of resin. 

Sumatra Benzoin diflers from Siam benzoin in several 
resjxjcts. It is always found in trade in large blocks, having 
white masses scattered through a dark-coloured matrix. Its 
odour is not so strong as that of Siam benzoin, and it does not 
melt so easily. In composition it is rather more complex. It 
usually contains about 12 to 15 per cent, of woody matter. 
The resinous matter consists largely of cinnamic acid, for th* 
preparation of which it may be employed. There are 
present cinnamates of resinotannol and benzoresinol. The* 
two latter bodies are converted by hydrolysis into dniiu 
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i and the alcohols from which picric aciJ can be made hy 
I"; action of iiitnc acid. 
Ifenzoiii is employed in the preparation of spirit 
lithes for thf purpoMS of imparting to theni a fragrant 



CUM ELEMI,— Under the name of ^um elemi there is used 
I vai-nirth-making several rewinoun products derived from 
'nriutiH trees and imported from different countries. 

Manila Gum Elemi. — This i,s the typical renin, and the one 
wramtmly undei-st-ood when pum elemi is referred to. It is a 
product of the Philippine Isles, and is chiefly imported by way 
if Manila. The tree which furni.shes it is the Cavarium 
cofivmune of the botauiets, and grows principally in the 
Island of Luzon, although met with in the uthei- islandu of 
the Philippine group. When pure and of good iiuality gum 
eleiui is white, but often commoner ijualities are met with 
which have a grey colour. The resin is soft and has a granular 
appearance, with a slight but pleasant odour, and a alight 
flavour of that of turpentine. When exjXMjed to the air the 
resin hardens on account of the loss of its volatile constituentj 
and loses some of its odour. When subjected to distill at ioB« 
elemi given ott' about 10 per cent, of a volatile liquid, whicbn 
resembles turpentine in its characters. When heated elemi 
begins to .soften at from 75° to HO" C, and becomes hijuid at 
120- C It is partially soluble in alcohol, and more readily in 
I'ther and other solvents. 

It is employed in varnish making to give elasticity or 
toughness to the coats of varnishes made with hard resins 
iie shellac and sandarac. 

Mexican Elemi is obtainejl from the Ainyria ele-nxifcra, 

, beyond that it is somewliat of a darker colour and a 

ttb harder, it closely resembles the Manila elemi in appear- 
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ance and properties. It is but rarely met with on the En^jlish 
market. 

Elemi is also obtained in small quantities from Brazil and 
Mauritius. Of the source of these varieties not much is 
definitely known. They are not regular articles of commerce, 
and are only occasionally met with, 

GUM MASTIC. — This resin comes from the lentisc tree, 
Pistachia lentismis, which grows abundantly on the coasts of 
the Mediterranean, in Spain, Portugul, Italy, Greece, North 
Africa, etc. The principal portion of the mastic of commerce 
is exported from the Island of Chios, and is collected in the 
surrounding islands. The mastic tree is rather shrubby in 
habit, growing to a height of from four to five feet. The resin is 
contained in the bark, which has numerous resin vessels in it, 
the resin readily flowing out on incisions being made. From 
June to AugTist the natives of the districts in which the tree 
grows make vertical incisions in the bark of the stem and 
branches and take means to keep these open. The resin flows 
freely and soon hardens. At intervals of two or three weeks 
the resin is carefully collected in baskets. The imiK)rt4int 
point is to keep it clean, and every care is taken to ensure 
this desirable end. Sometimes the resin exudes spontaneously 
from the tree. This is collected and considered to be of 
superior quality. A tree in good condition will often yield 
8 to 10 lb. per annum during the dry season. A wet season 
makes a considerable difference in the yield of resin, in some 
cases reducing the yield by one-half. 

Gum mastic makes its appearance in commerce in several 
forms. 1. Cake, which is in the form of large pieces, and is 
the best quality of mastic. 2. Large viastic : This and the 
last variety is largely used as a chewing gum. 3. SinaU 
mastic : This variety usually occurs in small, tears of a 
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T cylinttrical shape, and is the variety cotniuonly met with in 
'f tfii- amntiTy and employed for making vamisheH, 

<'iiiu mastie ia UKUally fuuud in cylindrical tears of from i to 
; inch long, mastly of a pale colour ; hut, occasionally, piecei^ 
l.i>infr a greenish tint are met with. On keeping there is a 
I'lidency for the colour to darken. Although the main bofly 
"'liie resin is cleai- and tramsparent yet the surface is often 
iiwHery and the resin appears opaque. It is brittle and 
'iiab ft-ith a conchoidal fracture. Its odour is pleasant 
'ii'l balsamic. When placed in the mouth it softens readily. 
' 'bHracter which distinguishes it from nandnrac, a renin that 
i'l'My resembles it in form. The specific gravity of mastic 
'■■Rboiit l*0.5fi to r060. Its melting point ranges from 105' 
'" 120' C. i'22r to 248° F.\ but it softens below the boiling 
P"itit of water. 

f!nm mastic is soluble in turpentine, alcohol, amyl alcohol. 
''iiloroform and acetone. It ia insoluble in ether. It is used 
iii uiuking varnishes for pictures, the usual solvent being 
turp.'ntine. Mastic leaves a hard but brittle coa'ing when 
uteil a« a vami.sh material. A mixture of mastic varnish 
made with turpentine and linseed oil forms the medium often 
iweil by artists under the name of mefiUfi. 

GUM THUS is the name given to the iiest rjualities of the 
crude luipentine got from pine trees. See under Turprvtme. 
It is sold in cimimerce to a small extent for the purpose of 
making varnishew. It occurs in a mass of creamy colour, 
smelling of tm-pentine. It is soft in consistency, hut on 
exposure to air it gradually hardens and liecomes brittle from 
loss of the volatile turpentine. Gum thus is .soluble in almost 
all solvents. It is of course a mixture of resin and turpentine. 
Kith of which will be found described below. See Ronin : 
Titrpeitlii'e. 




GUM TRAGACANTH— GYPSUM. 

GUM TRAGACANTH This guin comes from sevei 

specieB of Astrngulu^, of which the commonest is Astm^ 
ahi8 fiummif era , growing chiefly in Lebanon, Syria, Centi 
Asia Minor and Armenia. Other apecies of Antragah 
■-igrowing in Judea, Syria and Persia also yield tragacantfa 
This fjum is exported chiefly from Bagdad, Gum tragacanth 
or gum dragon an it is often named, occurs in two forms- 
1. Leaf ijuin, in atripfi of about j to i inch wide and from 
2 to 3 inches long. 2. That known aa vermicelli f/wm, in 
long round pieces. It is of a dull greyish colour, without 
odour or taste. Placed in eoUl water it does not dissolve, bat 
.swelln up into a gelatinous mass. If gum tragacanth be first 
soaked in water for some time and then boiled a thick viflcid 
liquid is obtained. This is much need by calico printers tor 
thickening their printing pastes with. Six to seven parbi of 
the gum will fomi a thick liquor with 100 pai'ts of water. It is 
stated that gum tragacanth and similar insoluble gums can be 
readily dissolved with the aid of peroxide of hydrogen. Alkaline 
solutions will dissolve this ginn, but it is insoluble in alcohol. 
The essential principle of gum tragacanth has been named 
bassorinc, and the formula, C,.H.^J)-^, has been assigned to it. 
There is usually present in this gum a little arabine. Gum 
tragacanth is not employed in varnish -making, but finds ite 
chief use in the printing of textile fabrics. 

GYPSUM. — This is the name given to the hydrated calcium 
sulphate, CaSO,, 2H^U, which ocxiim* naturally in great abund- 
ance in a great many localities. In this country it is found at 
Chella.ston near Derby, Aaton-on- Trent, and other ptacex i» 
Derbyshire; at Newark-on- Trent, in Nottinghamshire; Fauld, 
in Staffordshire : Netherfield, in Sussex, There are larg« 
deposits in France, more especially in the district round 
Paris. 
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Gypsum is the sulphate of calcium, CaSO^, but it differs 
from the corresponding barium compound, barytes (see 
Barytea), in containing water of crystallisation, and, there- 
fore, the mineral has the formula given above. Gypsum 
contains : — 

Per Cent 

Sulphuric anhydride, SO3 . . . 46*51 
Calcium oxide, CaO .... 32*56 
Water, H.p 20-93 

It is found in several forms. The most useful form is 
that in large amorphous crystalline masses of a white or 
nearly white colour and more or less opaque. It is this 
variety which is most useful as a pigment for filling cotton 
cloths and in making plaster of Paris. It often occurs more 
or less coloured, the colouring matter often being in streaks. 
This variety is known as alabaster or Derbyshire spar, and 
is used for making ornaments. Satin spar is a variety of 
gypsum which occurs in long fibrous silky-looking pieces, 
which, when ground, may be used as a pigment. Selenite 
is a variety occurring in transparent flaky pieces, and having 
the property of cleavage so highly developed that it may be 
split into very thin flakes. This variety is chiefly used for 
optical purposea In all its forms gypsum is a soft mineral, 
readily scratched by the finger nail and easily ground into a 
white powder. Its specific gravity varies from 2*28 to 2*33. 

Under a variety of names, such as gypsum, mineral white, 
terra alba, etc., this substance is employed as a pigment, for 
which purpose it is ground into a fine powder in a suitable 
grinding-mill, and may be levigated to obtain the finest quali- 
ties. In this form it is also employed for filling paper, cotton 
cloths, etc. 

The colour of gypsum is a good white, somewhat bluer in 
tone than barytes, but not so blue as white lead. It is lighter 
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than either barytas or white lead, but heavier than ehisa cIj 
or zine white. Aa a pigment it is only suitable for we witll 
water asla vehicle; when useii with oii it loses its opadQ' 
body and becomes more or les»< transparent, It is ({iiite 
manent when expased to light and air, and being neutral i« 
its properties it can be mixed with any other pigment withoU' 
bringing about any change. 

Gypsum is slightly soluble in water, about 1 part in 500- 
This solution will give a precipitate of calcium oxalate » 
addition of ammonium oxalate and a precipitate of bariur 
sulphate on addition of barium chloride. It is more eaail. 
soluble in dilute hydrochloric and nitric acids, long ooim- 
tinued boiling with which gradually dissolves it witlmW 
any etferveseence. Oypsnin is also soluble in ammoniac^ 
solutions. 

When heated gypsum loses its water of cryataUisatior"* 
and tlien forms a white amorphous powder, which, however", 
hap a strong affinity for water, with which it again entePH 
into combination forming a hard solid mass. This properly 
is largely taken advantage of for a great variety of purposes. 
such as making cements, moulds for casting metals, et«.. wJ' 
oniaraents, and for decorative purposes. The heated gypeum 
is sold for this purpose under the name of plufiter nf Pivrie. 

Gypsum may be distinguished by the following testd: ft 
is practically insoluble in water. When boiled with hydro- 
chloric acid there is gradual solution without any etfervescenoe. 
The solution will give a white precipitate with barium chloride 
insoluble on boiling, and a white precipitate on the succewrive 
addition of ammonia and ammonia oxalate. A little of the 
solution held on a piece of platinum wire in the lower portion 
of a Bunsen flame will impart a reddish colour to the flame. 
Generally the gypsum of commerce is nearly pure, contain' 
ing about 78'5 per cent of calcium sulphate, the rest being 
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f of crystallisation ; occasionally tracew of iron, silica and 

iltiniina may be met with. 

BesiilpN occuri'iijg naturally, calcium sulphate is obtained an 

'I f^y-pTiKiuct in some chemical operations, and this variety is 
t wniL'titoes sold for pigment piirposes. If anything this arti- 
^L fidal (rypaum is better than the natural variety, as it is more 
^■"""orphoiiB in structure, whiter in colour, and has better boily 
^P ind poviring power. Satin white is a mixture of calcium 
W *ra!phate and alumina, prepared by adding milk of lime to 
■ slam solutions, largely empioye<l in the paper industry for 
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HEMPSEED OIL — This oil is obtained fram the seedw 
' the hemp plant, Cannabis sativa, which m grown in 
"'*hy countrie-s on account of the fibre (hemp) which it' 
■^''-lils, and which is much valued for making ropes and 
'^'ivas, etf- The seed contains fi'om 15 to 25 per cent, of 
"il. 

Hempseed oil, when fresh, has a greenish-yellow tint. 
On ktrping, the colour changes to a brownish yellow. Tlie 
'"luur and taste are somewhat unpleasant. The speciiie 
,'nivity ranges from 0!)25 to 931. It becomes turbid at 
:i temi)erature of - 15° C, and solid at - 25° C. Mixed with 
'Strong s'llphuric acid great heat is developed, the rise in 
temperature being about 100° C. It absorbs a large pi-opor- 
tion of ioiline, 1+3 to 144 per cent, of its weight, sliowing 
tliat it consists chiefly of the glycerine of linolic acid. The 
clieinistry of hempseed oil has not yet been fully investignted, 
Tlie mixture of fatty acids it contains has been named chat(> 
\Toelic acid. It has, however, been shown that hempseed o 
12 
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contains linolic and linolenic acid Its drying properties are 
fairly good, but not equal to those of linseed oil. It is not 
much used in this country as a paint oil, partly on account 
of the price and partly on account of its dark colour. Where 
the hempseed is grown the oil is employed as a paint oil. 

HYDROCHLORIC ACID.— This very important acid is 
largely used in the colour trades. It is also known as 
*** muriatic acid" and as ** spirits of salts*'. The pure substance 
is a colourless, strongly fuming gas composed of the elements 
hydrogen and chlorine in equal atomic equiv^alents, or 1 part of 
hydrogen and 35*5 parts of chlorine by weight, and having, 
therefore, the formula, HCL The commercial product is a solu- 
tion of this gas in water. Hydrochloric acid is prepared by 
heating common salt (sodium chloride) with sulphuric acid and 
dissolving the evolved gas in water, which will take up about 
500 times its own volume of the gas. When pure it is a 
colourless liquid, fuming slightly and having a strong acid 
smell. The low grades of the commercial acid, which are 
largely made as by-products in the manufacture of soda from 
salt by the Leblanc process, have a yellow colour, due partly 
to the presence of iron and partly to the presence of organic 
matters. The commercial acid frequently contains arsenic, 
sulphuric acid and salt. 

The pure acid usually has a specific gravity of 118 {IW 
Tw.), and contains 36*01 per cent, of actual hydrochloric acid. 
ITie ordinary commercial acid is usually about 116 specific 
gravity (32° Tw.), and contains 3202 per cent, of HGl. The 
strongest solution it is possible to make has a specific gravity 
of 12265 (45*3° Tw.), and contains 45*6 per cent, of the acid. 

The following table gives some information as to the 
gravities and strengths of hydrochloric acid : — 
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IPEciFic Oravitv of Htiirochloric Acm at 60° F. 



SpeciUc 
Utnvitv, 


TwBddeli. 


Per CbdL 
ofHCL 


One G.I10U 


1-03(1 


e 


611 


10-ao 


1-035 




7-10 


10-35 


lOW) 


8 


8-10 


10-40 


1-045 





910 


10-45 


H)50 


10 


10-09 


10-50 


1-056 


11 


11-09 


10-55 


1-OliO 


12 


12-0!) 


lo-eo 


l-OtiTi 


13 


13-08 


iO'(ir> 


1-070 


14 


14-08 


10-70 


1-075 




15-08 


10-75 


1-080 


10 


iii-or 


10-80 


l-08d 




17-07 


10-85 


10!K) 


IS 


18-07 


10-W) 


l-OOo 


19 


19-or 


10-96 


l-Hltl 


20 


20-Otl 


11-00 


iUto 


21 


21-06 


11-05 


1110 


■22 


22-00 


11-10 


1-iia 


21 


23-06 


11-15 


1120 


24 


24-05 


11-20 


1-126 


25 


26-05 


11-25 


1-130 




2lH>4 


11-30 


1-135 


27 


27 -(W 


11-36 


1-140 


28 


28-04 


1140 


1145 


2!! 


2<l-03 


11-45 


1150 


3(1 


30-ttl 


11-50 


1-155 


31 


31 -(Kt 


11-55 


lltJO 


32 


321)2 


11-00 


1-lBB 


35 


33-02 


ll-»i5 




34 


34tf2 


11-70 


1-173 


Sij 


35-01 


1175 


1-180 


30 


36-01 


11-80 


l-IW 




37-01 


11-85 


1-lRO 


!l8 


;»-oi 


11-90 


I-U15 


3*t 


3ft-00 


11-95 


'■'" 


40 


40-00 


12-00 



When the strong acid is boiled it lose.'^ liydrochloric acid 
gas Had l>ecomes weaker until the liquid has a specific gravity 
(if 1-10 (20' Tw.). containing 20-06 per cent, of actual acid j 
when it distill unchanged. 



180 



HYDROCHLORIC ACID. 



Hyiliochloric acid is a, powerful dcid. It diesolves in tb^ 
cold auch metals as zinc, iron, maj^neHium, nickel, alumiiiiiii'' 
and the alkali nietal» forming the chlorides with the evolutic?" 
of hydrogen. When boiling it will "liasolve tin, lead, ooppeff 
bismuth nod many other metals. 

Hydrochloric acid dissolves nearly all oxides forming thi^ 
corresponttiiig chlorides. 

The metallic chlorides are a group of very valuable salta, 
many finding considerable uses in various industries. With 
the exception of three, vis., the chlorides of silver, lead and 
mercurous chloride, the chlorides of all the commoner metals 
are soluble in water. Lead chloride is soluble in boiling 
water, but a» the aolution cools it falls out again in the form 
of transparent needle-like crystals. 

The presence of hydrochloric acid and of soluble chlorides 
is indicated by the formation of a white, curdy precipi- 
tate, when a solution of silver nitrate is added to the liquid. 
This precipitate ia insoluble in nitric acid, but is readily 
soluble in ammonia, sodium hyposulphite and in ]>ota.ssium 
cyanide. 

Commercial hydrochloric acitl should have a specitic gravity 
of 1-160 {32° Tw.). It ought to give but a slight precipiUte 
with barium chloride, showing the presence of sulphuric add 
or sulphates, and with potassium ferrocyanide but a faint 
blue colouration, showing the presence of iron. The amount 
of acid it contains can be determined by weighing 5 grammes, 
diluting this to 250 cc, taking 25 c.c, and titrating with a 
standard solution of caustic soda, using phenol-phthalein or 
litmus as indicator. One cc. of the standard alkali solution 
is equal to 0'0365 gramme hydrochloric acid. 

The amount of sulphuric acid or sulphates is obtaiuetl by 
taking 5 grammes, diluting with water, adding barium chloride, 
filtering off, washing, drying, burning, and weighing the pre- 
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^pitate of barium sulphate which is thus {^ot. The weight of 
••Wimn sulphate found multipHeil by 0'+2 given the weight of 
"ilphoric acid in the hydrochloric acid. Any saUne salts in 
the aciil can be iletermiued by evaporating utt' 2 grammes of 
I wie acid and weigliing the residue wliich is left. 



I. 



IMPERIAL RED Under this name lias been raid red 

pigments made from eosine, orange lead and barytes. It, 
(herefore, has a Himilar composition to royal red. See Royal 



INDIAN RED is thir name originally given to a dark red 
pigment consisting chieHy of oxide of iron found in India. 
The name has now come to I)e applied to dark red pigments 
prepared from ochres, waste ii'on liiiuors, feri-oiis uulphate, 
etc.. in various ways. From ochre and ferrous sulphate 
it is made by heating, or, as it is termed, calcining, it at a 
conttiderable heat until the desired shade is obtained. From 

ite iron liquors the pigment w made by precipitation with 
and calcining the precipitate so obtained. 

The composition of Indian red will, of course, vary with 
the source from wliich it is derived. The following are some 
analyses of such reds made by the author : — 
^utural Indian Red. 



contti 



Ferric oside, Fe„0^ . 

Alumina, Mpa' 
Silica, SiOj 

Calcium carbon ale, GaCO„ 
Water, combined 
Water, hygroscopic . 



94-71 
1-GO 
2-80 
0-39 

0-69 
0-14 
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2. Indian Red, Manufactured, 

Per Cent 

Ferric oxide, Fe^Oj .... 43*69 

Calcium sulphate, CaSO^ . . . 53'94 

Water, combined .... I'SO 

Water, hygroscopic . . . . 1-05 

This sample was prepared from waste iron liquors contfl^in- 
ing ferrous sulphate by precipitation with lime and heating 
the precipitate to the required degree. 

3. Indian Red made from Ochre, 





Percent 


Ferric oxide, Fe^Og . 


63-91 


Alumina, AI2O3 .... 


0-60 


Calcium carbonate, CaCOg 


3-31 


Barytes, BaS04 . . . . 


2111 


Water, combined . . . . 


10-65 



These three analyses will serve to show that Indian reds 
have no definite chemical composition. Beyond the fact that 
the essential constituent is ferric oxide no standard of com- 
position can be laid down for Indian red. Usually the more 
ferric oxide the pigment contains the stronger is it in colour- 
ing power, and often in covering power also. This is most 
important to the painter, for Indian red is mostly used as 
a staining colour, and, therefore, the greater the colouring 
power the better is the sample for use in painting. 

Seeing that the chemical composition of Indian red is 
of no moment as a criterion of its (juality, it will rarely be 
necessary to make a chemical examination of a sample of 
Indian red ; but, if such be desired, it may be done on the 
usual lines of chemical analysis, and the analyses quoted 
above will serve to show what constituents to look for. 
Under Ochres a general scheme of analysis will be found, 
which is also applicable to Indian reds. Indian reds should 
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be examined for strength of colouring power, covering power, 
etc. This may be done by the methods described under 
Testing Pigments. 

When used as a pigment Indian red possesses most valu- 
able properties. It works well in either oil or water, and 
possesses good covering powers, although this will naturally 
vary in different samples. It is perfectly permanent, and 
may be ranked among the mast permanent pigments known. 
It is quite neutral in its properties, and may be mixed with 
all other pigments without producing any change in them. 
See also Oxide RedSy Ochren, Venetian lied, 

INDIAN YELLOW is a mast curious pigment prepared 
from the urine of Indian cows fed on a pai-ticular plant, which 
causes them to secrete a urine full of a yellow colouring matter. 
This pigment is not now used. 

IRON. — Chemical symbol, Fe ; atomic weight, 56. Thi» 
important metal enters into the composition of a large number 
of pigments : ochres, oxide red, Indian reds, Venetian red, 
Prussian blue, etc. As a metal it forms a valuable constructive 
material, probably the most important that is known. In 
union with other elements, oxygen, chlorine, sulphur, etc., it 
forms a number of compounds which are much used in various 
industries. In combination with oxygen iron forms four 
oxides : ferrous or monoxide, FeO ; the ferric or ses(|uioxide, 
Fe.Oa ; these are basic oxides capable of combining with acids 
to form what are known as the iron salts ; the tetroxide or 
magnetic oxide, Fefi^ ; and the trioxide, FeOj, which latter 
is an acid oxide, and when combined with powerful bases like 
soda or potash forms the ferrates. Of these oxides the basic 
are the most important. These will be described more fully 
under Iron Oxides. 
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When iron is treated with dilute acids it is attacked, 
hydrogen gas is evolved, and the corresponding ferrous salt 
is formed. When iron is exposed to the air it gradually 
undergoes oxidation, the red or ferric oxide is formed and 
the iron is said to rivst. This property of iron is one of the 
disadvantages which attend the use of iron as a constructive 
material. This rusting of iron takes place most readily in 
moist climates. In dry climates where there is little moisture 
in the atmosphere it proceeds but slowly. Those compounds 
of iron which are of use in the decorative arts are described 
below. See Andes' Iroii-Corrosion , Anti-Fovling and Anti- 
Ccrrros I ve Pa i nts. 

IRON OXIDES. — As stated under Iron there are four iron 
oxi<les, two only of which are of any interest to the colour 
maker and decorator. These are the two basic oxides, the 
feri-ous oxide, FeO, and the ferric oxide, FcO^. 

Ferrous Oxide, FeO, is not known in the anliydix)us con- 
dition, as represented by the formula here given. When 
ammonia or a solution of the caustic alkalies is added to oni* 
of a fen-ous salt a pale green precipitate of a hydrates! oxide, 
which is trt^nerallv assumeil to be the ferrous hvdroxide, 
FeH,().^, is obtained. This precipitate is. however, very 
unstable. On expasure to the air it absorbs oxygen, and 
passes into the feme oxide with such rapidity that its true 
ohemical composition must always remain a matter of doubt. 
This element of instabilitv is also conmmnieated to the ferrous 
saltss, which are obtained by dissolving this oxide or the metal 
it.self in aci<ls. Their solutions are prone to undergo change ; 
oxygen is absorbeil, a little ferric oxide is precipitated, and m 
ferric salt remains in solution. This is the reason why so few 
feiTous com])Ounds occur in nature. 

When iron or the gi'een oxide are dissolveil in acids ferrooi 
* formed, of which the sulphate, FeSO^, and the chlorid 
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FeCL^, may be taken as types. In the ferrous salts iron plays 
the part of a dyed base. The most important compound is the 
sulphate which is commonly known as copperas. See Ferrous 
Sulphate. 

The Ferric Oxide occurs naturally in ^eat abundance in a^ 
variety of forms (anhydrous and hydrated), as the minerals 
hsematite, specular iron ore, limonite, bog iron ore, etc. Some 
varieties of these minerals, if of sufficient brightness and soft- 
ness, are used as pigments for painters. In the hydrated form 
feme oxide is found as the colouring principle in ochres, 
siennas, umbers and similar natural pigment coloura Ferric * 
oxide is soluble in hydrochloric acid, sulphuric acid or nitric 
acid, forming the corresponding ferric chloride, sulphate or 
nitrate, as the case may be. The degree of solubility is, 
however, rather variable, some specimens of the natural oxide 
Ixjing freely soluble, while others are difficultly soluble. 
The same observation also applie^s to the artificial ferric 
<)xi<les, which are obtained by heating ferrous sulphate or 
precipitated hydrates of iron. It is found that if the oxides 
have been subjected to a moderate heat only they become 
freely soluble in acids ; while if they have been strongly 
heated they are almost insoluble in acids an<l reciuire very 
prolonged digestion to be dissolveil. This ditierence of solu- 
bility may be noticed in comparing the bright reds, i*ouge, 
or colcothar with the so-called purple oxide^s. The former 
are produced at a comparatively low temperature, an<l are 
soluble without much difficulty ; while the latter recjuire a 
stronger heat and a longer time, and are very difficultly 
soluble. The solutions have in all cases a brownish-yellow 
colour. When ammonia or solutions of caustic potash or 
caustic sotla are added to solutions of fennc salts a brownish- 
red precipitate of the ferric hydroxide (to which the formula, 
Fe.HjjO,;, is usually assigned) is obtained. On ignition this 
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loseH itH water of liytiratioii mul tlie atihyilrous nxide is i^ft 

Ferric oxide is the esHential constituent of a larj^e number 
of pigment colours, such an Indian red. Oxide rt-ds, Turkt^ 
red, Hcnrht red, Vfiietinn red, etc., which will be fonmi 
noticed in their projier place. 

The following are the rlistinjjui.shiiig featiircK of theMlW 
of the two oxides i — 

Ferrous Salts.— Colour j,Teen, i-ather unstable, eapeiaally in 
the form of Holution, which gives a greenish precipitate of 
FeH^O^ with ammonia ; the precipitation is not complete anJ 
the precipitate turns brown on exposure to the air, owing B 
oxidation to ferric oxide. Pota-saium ferrocyanide giveB • 
light blue precipitate of ferrous ferrocyanide ; potas.siuin fetri- 
cyanide gives a dark blue precipitate of ferrous ferricyaniJ* 
(TurnbuH's bluej, ammonium sulphocyanide produces 
change. 

Ferric Salts. — Colour orauge to reil, stable. Solutions 
give a brownish-red precipitate with amuionia, the precipita- 
tion iMsing complete. Potassium fen-ocyanide gives a 'Urk 
blue precipitate of ferric ferrocyanide (Prussian blue); potas- 
sium ferricyanide does not give a precipitate, but turns the 
colour of the Kolutiou more brownish ; ammonium sulphi 
cyanide gives a deep red colour to the solution. The blw 
precipitates with the ferrocyanide and ferricyauide of putaa- 
siwva are exceedingly characteristic of iron and form very 
delicate testfi for that metal. 

IRON REDS. — ^Ah stated above many red pigmt-nts contain 
the t'en-ic oxide as their essential constituent ; these pigmeuta 
are commonly known as the iron i-eds. They are in general 
excellent, quite permanent when exposed to light and air, auit 
can be mixed with all other pigments without being either 
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themselves changed or bringing about any change in the other 
pigments. They mix well with oil, water or any other vehicle 
in paints or varnishes. As regards their colouring or staining 
power, and body or covering power they vary very greatly, 
some having these properties developed in a high degree, others 
possessing them but slightly ; those which approximate most 
closely to pure oxide of iron in their chemical composition 
have these powers in the highest degree, but much depends 
upon the physical condition of the pigment. 

IRON SCALES. — These are the scales, consisting partly of 
oxide and partly of metal, which are obtained in the forging 
of iron. They are employed in the pottery manufacture as a 
colouring agent. 

IRON SULPHATE See Ferroun SiUphate. 

ITALIAN PINK is the name given to a yellow pigment 
made from Persian berries or quercitron bark by means of 
alum and whiting. It is similar to, if not identical with, 
Dutch Pink (which see). This pigment is not used now. 

IVORY BLACK. — This pigment is prepared from ivory 
chippings or waste by heating them in a closed vessel to a 
re<l heat. The result is a black of very fine (juality, fine 
in texture and working well. It is much prized by artists. 
In its chemical composition it resembles bone black. 
The following are analyses of ivory blacks made by the 
author : — 

Per Cent. Per Cent Per Cent. 

Water . . 6-16 7-61 8-37 

Mineral matter . 76-48 77-21 73-98 
Carbon . . 17-37 15-18 17-65 
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It is difficult, if not impossible, to distinguish ivory black from 
bone black ; the latter has a somewhat browner hue than the 
former. 

J. 

JAPANESE LACQUER. — The highly lustrous coat of 
lacquer for which the Japanese cabinetmaker is famous is 
obtained from a product of the tree, Rhus vernicifera, and is 
commonly known as Japanese lacquer. It is not imported 
into this country. The tree is found growing all over the 
main island in fair abundance and in the other islands in lesser 
quantity. The trees are the subject of cultivation, which is 
often carried on by companies formed for that purpose. The 
tree takes ten years to grow from seed, and will yield at the 
end of that time about 3J oz. of lacquer. By a process of 
grafting the growth can be quickened and thereby the yield 
of lacquer increased. The trees grown in the districts of 
Tsugaru, Nambu, Akita and Aidzu yield the. best lacquer; 
this variety is mostly used in Kioto and Osaka, which are the 
great centres of the lacquer ware industry. 

In June of each year the tappers go round the plantations 
and make a number of incisions in the trees, from which the 
sap then flows ; the quality varies. The number of cuts made 
is usually about twenty, sometimes more ; the sap from the 
tii-st cuts is the worst, that from the last few cuts is thin, 
while that from the middle cuts is of the best quality. The 
cutting of the tree generally kills it, although by makinj,' 
fewer incisions the life of the tree may be prolonged another 
year. The second year's sap is not of so good a quality as 
the tirst year's sap ; hence it is not the rule to collect a second 
year's supply from the same tree. The tree, after being cut 
for lac(|uei*, is used for firewood, making cabinet ware, furni- 
ture, etc. 
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Two kindfi of lacquur are distinguiHli^, known as Kia- 
rtighi or tree lacquer and Se»kime or branch lacquer, these 
terms indicating wliich portion of the tree the lacquer is 
obtained from. 

The crude lacquer contaiiw .some watei- ami has to undergo 
a prooeSiS of rectification before it can be used for lacquering. 
The ci'ude lacquer h a, liquid of about the colour and con- 
Nistency of cream ; if exposed to the sun for some (lays it lose* 
this colour and becomes almost black, if not quite so, and at 
the same time more or less transparent ; in this condition it 
will not dry if used for lacquering articles. If, however, 
some water be mixed with it two or three times a day for 
two or three days, and it be exposfd to the air for this water 
to evaporate otf, then the lacquer acquii-es the property of 
drying anil may be use<i for lacquering. Branch laojuer does 
not dry ho well as tree lact|uer, and is, therefoi-e, rarely used 
aloni; ; mixtures of the lacquer are made with other ingredients 
and sold under a variety of names for special kiufls of cabinet 



Old lacquer is more difficult to treat tlian new lacquer. 
One of the peculiarities of Japanese lacquer is that it will not 
■ Iry ami become hard in a dry atmosphere ; it requires a damp 
'.ne to harden properly. 

jVs might be expected the lacijuer varies in composition. 
This may arise pai'tly from natural causes and partly from 
the fact that the lacquer merchants rarely sell the lacquer 
in the same condition as they receive it, but generally mix 
it with other bodies. Two analyses of Japanese lacquer have 
been published. Mr. S. Isima laliimatsu gives the following 
as the comportition of a sample of Yoshimo lacquer, which 
is one of the best varieties. The specific gravity was 1002 
C, and it contained :— 
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tain : — 



JAPAN WAX. 






Per CeDt 


Urushic acid .... 


86-15 


Gum arable .... 


3-15 


Nitrogenous matter . 


2-28 


Water and volatile matter 


9-42 


. Takayma analysed a sample < 


and found it 


• 


Per Cent 


Urushic acid .... 


64-07 


Gum arabic .... 


6-05 


Nitrogenous matter . 


8-43 


Oil 


0-23 


Water and volatile matter 


26-22 



The higher the proportion of urushic acid the lacquer 
contains the better is its quality. The formula of urushic 
acid is C.^.^H3j03. 

The best account of the manufacture and use of Japanese 
lacquer is the report of Mr. John J. Quinn, Consul at Hako- 
date, on the Lacquer Industry of Japan, published in 1892, 
to which readers are referred for further information. 

JAPAN WAX. — This product is prepared in Japan and 
in China from the berries of several species of sumach trees, 
Rhus succedanea, Rhus vemiciferay Rhus sylvestris, Rhus 
acuminata, etc. The berries are collected, crushed, and then 
treated with boiling water. The wax melts and collects on 
the top of the water. It is collected and purified by treat- 
ment with more boiling water. It is imported into this 
country in the form of slabs. 

Japan wax is a creamy-coloured, hard substance, readily 
breaking with a conchoidal fracture. Its lustre is but slight. 
There are indications that Japan wax has a slight crystalline 
structure, as, on keeping, the surface often becomes covere<l 
with crystals. The colour of the wax deepens on keeping. 
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TTie specific gravity of Japan wax varies very cooHiderably, 
"*'J at 15' C. (fiO" F.) ranges from 970 to 0-993. This 
'•Tference is, probably, due to the wax being obtained from 
'''t1"«reut .species of sumach treeH. At 100' C. (212° F.) the 
"■Pacific jjravity is 0-875. The melting point is 53° to 54" C. 
' ' ~75' to 129" P.). The solidifying point is some 4° to 5^ 
I'.Wer. 

It is a misnomer to call thiri )x>dy a wax, for its che- 
"iieal composition (being ahnost pure palmitate of glyceryl, 
' -Hj lC„iHaiO;)|). shows it to be a true fat. It owes its 
"auie of wax to its having the same outwanl physical 
I TD per ties. 

Ja{>an wax is insoluble in cold alcohol. It dissolves in 
liuiling alcohol, separating out again on cooling in the form 
of crystals. It dissolves freely in ether, petroleum spirit, 
iienzone, carbon tetrachloride and other solvents, like the 
ordinary fats. 

When boiled with solutions of the caustic alkalies it 
undergoes almost complete saponification, there being usually 
only alx>ut 1 to 1-25 per cent, of unsaponitiable matter in it. 
It contains, besides the palmitate of glyceryl, free palmitic 
acid, from 3 to 9 per cent., small traces of stearin and aiachin. 
It can be distinguished from the true waxes by the fact that 
it contains glycerine. Japan wax requires 21 to 22 per 
cent, of caustic potash to saponify it. It absorbs but a small 
quantity. 4 to 5 per cent., of iodine. 

Japan wax is u.seil in the manufacture of cyindle.s, furniture 
polish, etc. 



& 




JAPANESE WOOD OIL This oil is largely employed i 

( 'bina and Japan as d natural varnii^b for cabinet v 
wooden articleH of all kinds. It is stated to possess drying 
properties in a very high degree, ranking higher than linseed 
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oil in this respect. It w obtained from the seeds of the ti^, 
Aleurit^^ c(/rdata, which is indigenous to Japan and China. 
Cold pressed oil has a pale yellow colour and not mndi taste 
or odour. Hot pressed oU has a dark brown cdoor and an 
unpleasant taste. Exposed to a temperature of - 18 C, iO" F.> 
it becomes slifjhtly turbid. 

The specific gravity of Japanese wood cril is 0^40 at 15' C 
(60' F.). It requires 21 per cent of caustic potash to saponify 
it. So far as it has been submitted to a chemical examina* 
tion it has been found to jield the glycerides of oleic aciii, 
HCj,H3^0.., and of elaomargaric acid HC,-H^O^ an acitl •>{ 
the linolic series of fattv adds. 



KAOLIN, the Chinese name for china clay. See Chma 

KAURI, COWREE. — This is a most important varnish 
n^sin of comparatively recent introduction. It is obtained 
from New Zealand, principally in the province of Aucklan«l, 
where it ^K-curs as a fossil resin in the ground. The resin is 
the pro^luct of the New Zealand pine, Dammara au-strali^, 
and allied species. The trees are found in various parts of the 
islands and yield resinous pro<lucts ; but the commercial 
kauri is essentially a fossiliferous bo<iy and is found most 
abundantly in those portions of New Zealand where the pines 
do not now ^jw. The resin is obtained by a process of digging. 
Very large lilocks are sometimes obtained of from 100 to 200 
111. weight. As found the surface of the resin is covered with 
a crust of decayed vegetable matter and resin. This crust is 
removed before the resin becomes merchantable. 

Besides the fossil resin kauri is obtained from the 
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^*"feea, but such •■ young " kauri, as it is calleil. is not as f{oi)d for 
^*tTiiah making as the fossil resin. 

Kauri conies into the market in pieces varying"rauch in 
"'•^1 from a few inches to perhaps two feet, and in weight 
'*"oiQ 2 or 3 oz. to 1 cwt. There are many niialities, de- 
I'^^iuieiit on colour, transparency, etc. The best is known 
*^ "dial " kauri. In colour it varies but little, being mostly 
^l a pale amber or pale brown. It i-s more or less opaque, 
'^Uhouyh transparent samples are occasionally met with. It 
'■•i usually homogeneous in structure, but streaked pieces are 
tri?(|uently met with. Its lustre varies from glasay to opaline. 
It breaks with a conchoidal fracture, and the freshly broken 
surfaces have a pleasant, fragrant odour, which is charac- 
tt^ristic. The taste also is pleasant and aromatic. The 
"young kauri" renin is used in the colony by the Maories 
as a chewing gum. 

The specific gravity of kauri is about 1050, but it varies 
a little. It melt>* at from 360° to 450° F. On distillation 
kauri give.H off about 1"4 per cent, of water and 16 to 20 per 
cent, of an oil of 09224 specific gravity, soluble in ether and 
amyl alcohol, but insoluble in alcohol : it is acted on by caustic 
Hodft. 

Kauri is very largely employed in varnLsh making. It 
<ioe9 not make aa gooti varnish as copal : but, being easier to 
melt and the melted resin being much more easily soluble 
in oil, kauri varnishes are much easier to make. Kauri 
yields a varnish that dries well with a good hard and 
lustrous eoat. It is not so durable when exposed to the air 
as copal varnishes. On this account it is mostly employed 
in making varnishes for furniture and indoor woodwork 
generally. 

Petroleum spirit, alcohol, turpentine and benzol partially 
tolve kauri and cause it to swell up into a white gelatinous 
13 
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mass. Chloroform has rather more solvent action, but cM-^^ 
not completely dissolve it. Ether dissolves it complete" ^' 
Different samples of kauri, however, behave differently w^ 
these solvents. Kauri which has been subjected to heat, 
that it has lost some 25 per cent, of its weight, is solub^ 
in ether, petroleum spirit, turpentine, benzol and chlor*^^' 
form. 



KIESELGUHR or FOSSIL EARTH In several places thei 

occur deposits of a white, greyish or greenish colour, of lo^ 
specific gravity, consisting largely of silica, with a small prcF— 
portion of organic matter, alkali and lime. When examined 
under the microscope this deposit is seen to consist of th^ 
minute siliceous skeletons of what are known as DiatomacecF . 
The most notable of such deposits of kieselguhr is that which 
occurs at Naterleuss, between Hamburg and Hanover in 
Germany, from which the great bulk of what is used is 
obtained. Other deposits are known in Canada, America, 
etc. The crude material is dug out of the deposit, washed 
with water, and calcined in a specially constructed furnace or 
kiln. The finished product is then ready for use. Kieselguhr 
consists almost exclusively of silica. The following are some 
analyses : — 

Getrnian kieselguhr : — 

Per Cent. 

Silica 90-05 

Oxide of iron and alumina . . 1'60 

Organic matter ..... 3*10 

Water 5-35 

Canadian kieselguhr : — 

Per Cent 

Silica 92-00 

Oxide of iron and alumina . . 2*50 

Water 6-60 



KINd'S YELLOW— LAC. 
It is (|uite insoluble in acid-*, mid but slightly attacked by 




Kieselguhr is uaeJ foi' u great variety of purposea : in 
lamite making, being cajiahle of absorbiug a large ([uantity 
nitroglycerine and Htill be dry to the feel ; &s a lireproof 
Composition for HaFes, cooking 8toven, etc. ; as a non-conducting 
componition for use with steam boilei-s and steam pipes ; as a 
tiller in painting ; in the manufacture of ultramarine ; in 
f^oap making, and for many other purposes. 

It may be distinguished by its lightness, insolubility in 
acids, and wheu examined under the microscope it shows the 
Iwftutifid forms of the diatom shells. 




KING'S YELLOW Under tJiis name used to be sold the 

trisulphide of ai-seuic. As.^S,, which was obtained as a fine 
yellow precipitate by passing a current of sulphuretted hydro- 
gen gas through a solution of arsenious oxide in hydrochloric 
acid or .soda. The pigment has now become oVjsolete and been 
replaced by the chrome yellows. It may be distinguished by 
the fact that it is insolnble in hydrochloric acid, but soluble in 
caustic soda, from which solution it is re-precipitated on adding 
acid. Marsh's test will detect the arsenic in this yellow. 



LAC. — Lac Is a resinoas secretion found surrounding the 

s and liranchea of several trees in India and neighbouring 

rtricts. The secretion is formed from the sap of the tree, 

P'Wbich sap is itj«elf of a gummy or resinous natui'e, by the 

vetnale of the lac insect, Con-vs iaeca. The insect punctures 

s bark of the tret and commences to secrete the lac, in which 

it soon becomes completely enveloped, throwing out to the air 

Hne filaments by means of which it breathes ; it then lays its 
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eggs inside the deposit of lac and then dies. The young 
insects when they are born bore their way through the lac, 
and swarm over the branches and tree ; the male insects are 
winged and can fly : the females are wingless and never go 
from the tree on which they aiv born. When they are im- 
pregnated by the male they proceed to secrete the lac and lay 
eggs an their mother diil before them. A tree will supply 
nourishment to a great number of insects, but at the expense 
of its own vital powers ; for, after a time, it begins to decay 
and then it ceases to support more insects. The ilistribution 
oJ the insects from tree to tree is can-ied on in various ways, 
partly by the insects themselves, by birds, etc ; while of lat« 
years artificial propagation has been largely carried on. Tbe 
trees on which the lac insect grows are very varied ; tbe chief 
are the Palas or dhak tree, Buten fninihisa ; the peepul tree, 
Fl-cti^ relifjioaa ; the kooaum tree, Sehlnehera (riJHi/a ; Aca- 
cia arcUiica and oateehu ; several .species of croton trees, 
Croto-n lai;ciferu.m, G. draco, etc. ; Bwira <iupeTba, and 
several species of Ficus ti-ees. 

The principal proportion of the lac of commerce cornea 
from India, but it is also obtained from other Asiatic OOOD- 
trtes ; that from Hiam has a great reputation for ijuality. It 
is obtained also from Ceylon, Burmah, Chuia. the Malay 
Archipelago, etc. The great centre of the lac industry in 
India is the Province of Bengal, the capital of which, Calcutta, 
is a great emporium for lac iu all itu foiins. In the Bengal 
districts it is collected about twice a year, from the middle of 
October to Jaauary and from the middle of May to the middltt 
of July. In the Scinde State it is obtained chieHy from tJie 
forests surrounding Hyderabad, where it is foun<l on tbe 
babool tree. Acacia a/rahica ; the lac is gathered from (October 
to April. It is rather noteworthy that the inHects ilo Dot 
attack the trues while the latter are in full growth, but only 
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. Garnet lac. 
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when they begin to wither. Hyderabad iHcelebvateil for ita 
lacquer ware, and the lac which is obtained is used almost 
entirely for this in the locality. Assam is a great lac country 
and the lac is collected in large ijuantities : some is u.sed locally. 

Ibnt most is sent to Calcutta for export. 
t Xac comes into commerce as — 
L 1. Stick lac. 

■ 2. Seed lac. 

m 3. Shellac. 

I Another lac product is lac dye, 

1 Stick Lac.— This is the crude material as it comes from 
the tree, and cousi»ts of bits of the twig or bark iuorusted 
with the lac. In this form it is mostly .sent into the great 
centre.-* of the trade from the forests in which it is collected 
for manufacture intfj the refined lac products, A small 
quantity is imported into this couutry. but it is obvious that 
the payment of freight chai'ges on a lot of uaeless woody 
matter is a drawback, 

The process of refining the stick lae into the other lac 
products is a very simple matter and is often eaiTied on in 
primitive ways: although of late more attention has been 
piiid by the large lac merchants to improved processes of 
treatment. 

The first operation consists in separating the lac from the 

P Woody matter on which it is found: this is done by laying 
the stick lac on a table and passing a heavy roller over it; 
this breaks the lac, and the wood is then picked out by hand 
or sepanited by sieving. The woofi is thrown away or used 
aw fuel. The pieces of lac arc collected and placed tn large 
tubs with warm water, the workmen treading the material in 
the tubs: this operation extracts from the lac the colouring 
niatter it contains, which pa-sses into solution ; the treatment 
Irith water is several times reiwated until the wash waters 
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are clear. The water used in the tiret washing coiitaininfi; " 
colouring matter is evaporated ilown and the colouring uiatD-"* 
thereby recovered ; it is sold under the name of lac dye (^^^ 
Lac Jh/e). The lac which is left behind is known as seed I ^t^ 

2. Seed lac. — This is the partly manufactured lac obtain:^ 
in the first operation of pi-eparing the crude lac It occur* 
the form of small grains or pieces ; hence its name of seed C-^^ 
It is scarcely an article of commerce, although sold to a sn^^ 
extent; it is further treated to manufacture the commerce i 
varieties of lac. 

a. Shellac. — This is the principal commercial variety 
lae and is prepared and sold in large i|uantitie8. It is J^:^ 
pared from the seed lac by drying the latter product ; <>1 
dried lac is then placed in large bags made of cotton cloth, 
a medium texture. The bag of lac is held by two men 
front of a large fire. The heat of the fire soon melts the l^ 
which flows out of the bag, the men assisting the How *^ 
twisting the bag so as to squeeze out the contents ; the taolte-^ 
lac drops into a trough placed in front of the fire. A cylind* 
of wood, or of wood covered with brass, is mounted on axlt*^ 
so as to lie in a slightly inclined i>osition ; an operator dips 
ladle into the trough of molten lac and (Kturs it over th*' 
cylinder, while an assistant spreads the lac over the surface 
of the cylinder with a plantain leaf. It rapidly sets, when it- 
is stripped oti' the cylinder by means of a knife and then 
forms the shellac of commerce. Sometimes this method o( 
working is modified in various districtH. The crude seed 1m 
may be subjected to a further purifying process by boiling it 
with a little alkali, so as to remove the last traces of colouring 
juattflT from it, thereby yieldinji a better and paler quality of 
sbellat 

The best quality of shellac is that known as orange shellac, 
which is of a pale brownish-orange colour, quite etoar sad 
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transparent ; but many qualities are recognined in commerce, 
distinguished from one another by their colour, transparency, 
uniformity of grade and freedom from dirt and grit. 

4. Button LaCi — This variety of lac is only different from 
shellac in form. Instead of being made into thin sheets the 
melted seed lac is poured on to plates of stone or metal in such 
a way that it sets into roundish pieces, which, owing to their 
thickness, appear of a brownish colour. Generally button lac 
is not made of such a tine (|uality of lac as is orange shellac, 
but for common purposes it answers equally well. 

5. Garnet LaCi — This lac occurs in thick Hat pieces of a 
dark colour and contains more colouring matter than either 
shellac or button laa It is serviceable for makinir dark -coloured 
varnishes, and in many other cases may Ihj substituted for 
shellac. 

Lac in all its forms possesses the following propertit^s : It 
is incompletely, or only partiall3% soluble in alcohol or inethy- 
late<l spirit, forming a turbid orangt^-brown solution, which is 
largely used as a vaniish or jwlish for furniture and woo<lwork 
in general. It is soluble in aniyl alcohol (fus(^l oil). It is only 
partially soluble in ether, chloroform and tuqKMitine ; while it 
is insoluble in petroleum spirit. It is soluble in solutions of 
caustic potash and of caustic soda, in lx)rax and in auinionia. 
Such solutions are frequently prepared and used as varnishes 
and as dressings for leather. One point of interest in connec- 
tion with the solubility of shellac in alkaline solutions appears 
to be that the alkali tirst attacks the colouring matter of the 
resin, dissolving it out and leaving the lac free from colour. 
This may be taken advantage of in pre{)aring white shellac. 
When chlorine is passed through alkaline solutions of lac the 
resin is thrown down free from colour. 

Lac has a specific gravity of 1'113 to 1*214, the darker 
grades usually being the heavier. It softens when heated 
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ill Ijoiliiig water and iiieltw iit a aliirhtly higher tempei-a- 
ture. 

Crude stick lac which lias been freed from the woody 
matter cootains 6667 per ceut. of reainotiH matter, 6 per 
cent, of wax (which consistB chiefly of myricyl melissate. 
CnH3,C00a<,H,,„ with some free myricyl alcohol, C,5H^,0H) 
6 per cent, of gluteu, and 10*8 per cent, of colouring matter. 
The process of preparing lac eliminates the colouring matter 
and gluten, leaving the wax aud resinous matter. Five dis- 
tinct resinfl have Iieeu extracted from commercial lac: (1) a 
roain soluble in alcohol and ether : (2) a resin .soluble in alcohol, 
but not in ether ; (3) a resin slightly solubk' in alcohol ; (4) a 
crystallisable resin ; and (5) an uncrystalUsable resin. These 
rosins constitute about 90 per cent, of the lac, the remaining 
10 per cent, consisting of (6) a fatty matter, (7) wax, (8) gum, 
and (9) colouring matter. 

IjBC is chiefly used in making spirit varnishes of all kinds, 
sealing wax and cements ; but it has various other uses. 

Bleached Shellac. ~A white or bleached shellac is preparetl 
and used in the making of white vamiahes. This so-called 
bleached shellac is prepared in several ways. One method 
is to boil ordinary shellac in a weak solution of carbonate of 
potash until it is dissolved ; then to pass chlorine gas though. 
the solution. When the lac is thi-own ilown free from colour 
the i-esin is collected, washed with warm water, melted over 
water, and, by working with the hands, made into the form 
of more or leas twisted cylindrical pieces having a marked 
fibrous structure. Another method which is foHoweil in to 
treat the shellac with a weak solution of potash at such a 
temperature that it is softened, and then to work Hie lac with 
the hands until it has lost its colour and has actiuired thtt 
fibreus appearance usual with bleached shcUacL White shellae 
is always sold in the foiui of long cylindrical pieces having « 



I 



LAC DYE-LAKES. 201 

fibrous, satiny appearance. It is used in making white var- 
niah^s and for other pui-poaeK where a white shellac would be 
asefnl. Its properties are the same as the ordinary Hhollac ; 
but it ;jradually tieteriorates, becoming very brittle and in- 
soluble in alcohol atul in alkaline solutions. Care should 
be taken, therefore, to use bleached shellac, which has oidy 
recently been prepared When fresh, white shellac is rather 
damp ; it therefore rennires di'ying before it can be used in 
making spirit varnishes. 

LAC DYE. — This proiluct is the colouring matter of lac 
(sef above), and is obtained by boiling the crude stick lac with 
water, which dissolvcM out the colour, and then evaporating 
thu solution to dryness. In its dyeing properties the lac ilyo 
resembleH cochineal, but gives somewhat duller and rather 
more fugitive shades, Pnor to the introfluction of the coal- 
tar colours it wa» largely used in dyeing, but it has now 
become praetieaUy obsolete for that purpose in England. 

LAKES.— The lakes are a cIiisn of pigments of ancient 
origin which are much employed, especially by artists ; but 
their u."^ among paintei-s, paper stainers and others has much 
cleveloD^d of late years. The origin of these colours is usually 
given as follows: The ancient Italian dyers made extensive 
tise of such dyes as cochineal in combination with tin and 
alumina for the purpose of developing and fixing the colour on 
their materials. On the surface o£ their dye-baths a coloured 
scum accumulateiL Thie was collected and sold to artists 
under the name of lacca. It was not long before methods 
of preparing these colouretl bodies from the dyes themselves 
(without having recourse to the dyer's vat) were found out, 
and all such pigments were known generally as laccae, from 
which word oui- English lakea is derivefl by easy transitions. 
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The typical lake is carmine, which is prepared from cochineal 
by means of alum. When the composition of this pigment is 
examined it is found to consist of a combination of the colour- 
ing principle of the cochineal (carminic acid) with alumina 
and lime. This leads us to a general definition of lakes as 
compounds of organic colouring matters with metallic oxides. 
Generally speaking the colouring principles of the natural 
organic colouring matters or dyes, such as cochineal, logwood, 
Brazil wood, fustic, Persian berries, etc., possess a more or less 
acid character. At all events they are capable of combining 
with the basic oxides of the metals to form coloureil com- 
pounds, those of the alkalies being soluble in water, while 
those formed with alumina, lead, tin and other metals are 
insoluble in water, and hence are always formed as pre- 
cipitates when a solution of a salt of the metal is a<ldeil to 
one of the colouring matter. These precipitates are generally 
known as colottr lakes. The dying of textile fibres with the 
natural colouring matters depends upon their formation on 
the fibre, while they form the basis of the artist's lakes. 
Carmine is a pure colour lake. On the other hand, crimson 
lake, Florentine lake, Dutch pink and rose pink contain an 
excess of the metallic base, i.e., more than sufficient to combine 
with the colouring matter in them. 

Of late years the coal-tar colours have been pressetl into 
service for the preparation of lake pigments. Many of these 
have the propei'ty of forming colour lakes, i.e., insoluble 
coloured bodies with metallic oxides. Such are Alizarine, 
Coeruline, Alizarine yellow, Alizarine blue, GalloHavine^ 
Gambine, etc. With these are perfectly comparable in their 
chemical composition the colour lakes derived from thft 
natural dyestufis, such as cochineal or madder. Again, oth«r» 
coal-tar colours, such as the Eosines, Azo scarlets, CrooeiP 
scarlets, have the property of giving colour lakes with m^ 
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saltH. These also are used in preparing lake pigments. Then 
there are the basic coal-tar colours, like Magenta, Brilliant 
green, Auramine, Victoria blue, etc., which form colour lakes 
with taimic acid. These also have been pressed into service. 
With the coal-tar colours it » has, however, been found im- 
practicable to make a pure lake, i.e., one consisting of the 
colour lake itself, in the main resembling carmine, for various 
reasons, partly that the full beauty of the colour cannot 
thereby in all cases be developed, partly because such pure 
colour lakes are too expensive. Therefore in using the coal- 
tar colours for making lake pigments it is customary to add 
a (|uantity of barytes or some other white pigment, which 
constitute what is commonly called the base of the lake, 
although in strictness the term base ought to be reserved 
for the actual precipitant of the colouring matter. The 
white pigment, or so-called base, is really a dihcenf. 

Lakes in general are brilliant in colour, but are not 
remarkable for permanence. Those ma<le from madder, 
alizarine and the alizarine dyas in general, are fairly p<T- 
manent ; but those prepared from other dyes are not. They 
are usually strong in colouring power, but deficient in lK)dy 
or opacity. This more especially applies to the older lakes. 
Many of the modem lakes made from coal-tar colours possess 
a fair body and good covering powers, due to the white pig- 
ment which they contain. 

The most common lakes, such as (kvrmine, Crimsini Lake, 
Dutch Pinky Vermilionettes, etc., will be found descrilxid 
under their respective heads. See Tennison's Lake P'npnenfs, 
and Bersch 8 Mineral and Lake Pvjinents. 

LAMP BLACK is one of the most valuable of the black 
pigments ; it consists, essentially, of carbon in a very tine 
state of division, and is prepared by burning oils of various 
kinds in a lamp burner, or by other means, in such a way 
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that incomplete combustion takes place and a larj^e volume of 
smoke is proiluced ; this smoke consists of unbomt particles 
of carbon and is collected in a specially constructed system of 
fines. There are some differences in the ijiiality of lamp 
blacks, as heavy and light lamp black, which varieties depend 
upon the place in the flues from which the black is collected — 
that nearest the burning oil being heavier than that farthest 
away (see Vegetable Black). Sometimes the heavy grade.^ of 
lamp black contain traces of unbm-nt oil ; when this becomes 
excessive in amount it shows a defective method of working 
in tile preparation of the black ; the presence of such oil may 
learl to spontaneous combustion of the lamp black, while it 
impeiles the drying of the paint made from the black. The 
foltowiiit; are two analyses of lamp black made by the aathor: — 

Per (,'eiit. Per Ceut. 

Carbon .... 93-5 94-99 
Water .... 4-4 1-81 

Ash 2-1 3-20 

As a pigment lamp black is perfectly permanent and may 
be mixed with all other pigments without producing any 
change. It mixes with oil, water and all other vebicloa, 
Black paint made with lamp black is rather slow of drying, 
owing to the fact that the pigment does not exert any drying 
action on the oil ; possibly it may even have a retarding 
influence. 

Lamp black is sometimes grodnd up with turpentine (of 
which it takes up about .5.5 per cent of its weight) into « 
paNte, anil sold in that form. 

Lamp black may be analysed in the following mann«r: 
Weigh into a platinum crucible 2 grammes of the black and 
place it in a hot air oven at a>iout 105° to 110° C. until re- 
peated weighings show that it has ceased to lose weight ; tht 
loss gives the amount of moisture in the .sample. Next pUco 
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the crucible aud its contenta over a Buosen burnei- ami heat 
to a bright red heat until all the carbonaceous matter is burnt 
otf' aod only a grey aah is left behind : attoi- allowing the 
cmcible to cool, it is weighed and the amount of a-sh ascer- 
tained. It should nut amount to moro than 2 per cent. 

In case the sample shows .signs of containing unhurut oil, 
the amount of this may be ascertained by weighing out 10 
^ammes into a iilter paper and placini;; it in a Soxhlett fat 
extractor, extracting the oil by means of petroleum ether ; 
on evaporation of the latter the oil will be left behind aud 
may be weighed. Lamp blaekh with a large ]>roportion of 
oil in tbem are objectionable on account, first, of liability to 
spontaneous combustion and, .■second, to the oil retanling their 
drying when made into paint. 

LEAD is a most important metal to the painter, a8 also to 
the user of pigments and colouring matters, as it form.s the 
l»k8is of a large uumljer of pigment colours, white lead, red 
le*d. chrome yellow, Derby red, etc., and enters into the 
composition of a large number of products used in painting, 
'iecoratiug, pottery manufacture, etc. Lead is a heavy metal, 
it« specific gravity being 1124. It has a silver grey colour, 
and is very bright when fresh, but becomes dull on exposure 
to the air, owing to tlie formation of a thin film of oxide. It 
is soft aud may be easily cut with a knife. It melts at 330° 
to 335° C. When melted it readily absorbs oxygen and 
bv^comes converted, first, into a monoxide and, finally, into 
red lead (see Red Lmni), It is attacked by acids, being dis- 
solved by dilute nitric and acetic acids in the cold ; dilute 
sulphuric acid has no action on it, but strong sulphuric acid 
dissolves it, with the formation of lead sulphate, Hydi-o- 
chloric acid has little action in the cold, but dissolves it on 
beating. 
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Lead is largely used in Hanitary work in making wal«r 
pipen and gas pipes, for roofing purposes, for making water 
chaimele, etc It is also largely used in chemical manufacture^ 
especially in the constiuction of sulphuric acid chambers, and 
as a lining for dye vats, tanks, etc. 

Lead combinew with oxygen to form three oxides: the 
monoxide PhO, or litharge (see Lithar'^e) : the dioxide PbO, 
and the tetroxide Pb^O,, or red lead (see Red Lead). L«id 
forms one series of salts only, in which it acts as a dyad ele- 
ment. The most important waits are the acetate PbSC^HjO, ; 
the nitrate Pb2NO., : the carbonate PbCO, ; the aulphatfl 
PbSO, ; the chromate PbCi-O^ ; the sulphide PbH ; all of 
which are described Ijelow. 

The distinguishing tests for lead are : — 

Hydrochloric acid gives a white precipitate of lead chlorids 
soluble in boiling water, from which solution it crj'slallisea out 
on cooling. 

Sulphuretted hydrogen gives a lilack precipitate of leftd 
Bulpliide from acid solutions. This is convertad into le»d' 
sulphate by nitric acid, but is not affected by hydrodilorio 
acid. 

Potassium chromate gives, from neutral or acetic acid 
Holutiuus, a bright yellow precipitate of lead chromate. Thia 
precipitate is soluble in nitric acid and in caustic soda. 

Lead is nearly always quantitatively estimated as sulphate. 
The snbsUiDCe if dissolved in water or nitric or ac«tic acid sa 
may be reijuired. To the solution is uiJded an equal voloroe 
of alcohol and then sutiicient <lilute sulphuric acid Uj throw 
down all the lead : the precipitate is then tilt«red oH", well 
washed with water and dried ; the dry mass is now trausf»rr«d 
tm completely as possible to a weighed porcelain crucible, 
while the filter paper is burnt on the lid of the crucible ; titm 
aahes are first treated with a ilrop of nitric acid, then a droit' 



LEAD ACETATE— LEAD CARBONATE. 207 

of sulphuric acid, then heated to expel excess of acid : finally, 
they are transferred to the main poiiion of the lead sulphate 
in the crucible and the whole is now heated for some time 
over the Bunsen burner until the precipitate ia thoroughly 
dry. when it is allowed to cool and the crucible and its eon- 
tents weighed. The weight of the empty crucible and that of 
the filter ash is dedueteiJ from the total weight ; the ditterenee 
i^ the weight of the lead sulphate obtained. From this weight 
that of the lead in the original sample may be calculated by 
multiplying by 0-fi83, or that of lead oxide hy multiplying by 
0-7 3(!, 

LEAD ACETATE See AcMff of lead, 

LEAD BLACK Under this name has been Nold the sul- 
phide produce^l by acting on a lead salt with alkaline sulphides 
or sulphuretted hyib^gen. As a pigment it is almost useless, 
as, on exposure to the air, it gradually undergoes oxidation. 

LEAD BORATE, — This substance is produced by mixing 
solutions of lead acetate and borax together, when it is thrown 
down as a precipitate. This is collecteil, well washed with 
water and carefully dried. It is largely used as a drier in 
boiling oil, as also making paints and varnishes. It is found 
that it does not lead to the discolouration of the oil as is the 
case with red lead or litharge. Its drying properties are fully 
equal to those of litharge. 



LEAD CARBONATE ^The normal cjirbonate, PbCO„, 

occurs naturally (as the mineral cerusite) in small quantities 
in variona places. It is not used for any particular purpose. 

When solutions of alkaline carbonates are added to solutions 
of lea-l salts, or when a current of carbonic acid gas is passed 
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through a solution of basic acetate of lead, precipitatett of basie 
carbonates are obtainefl These form tlie basis of the pigment, 
white lead, which has a composition approximating to the 
formula, 2PbC0^, PbH,,0,. (See White Lead.) Lead carbonate, 
whether normal or basic, is soluble in dilute nitric or acetic 
acids with effervescence, owing to the evolution of carboois 
acid gas. The solution is colourless and gives all the tests for 
lead, viz., yellow precipitates with potassium chromate and 
potassium iodide, white precipitatc-s with hyilrochlorie acid 
and sulphuric acid, and black precipitate with sulphurt-tteil 
hydrogen. 

LEAD CHROMATE.— This lead compound forms the base 
of the commercial chrome yellows, oranges and scarlets. Lead 
and chromic acid are capable of combining together in vanous 
proportions, forming normal and basic salts. The noi-mal lead 
chi'omate. PbCrO^, is obtained ou adding a solution of the 
normal potassium chromate or of potassium bichromate to 
one of lead acetate or nitrate. It forms an amorphous powder 
of a bright yellow colour. When strongly heateil it decom- 
poses, giving oti' oxygen ami leaving a residue of chroiniain 
oxide and basic chromate of lead, the composition of wbidi 
varies with the degree of heat employed. When boiled with 
hydrochloric acid chlorine is evolved and tlie chroraatf (s 
dissolved, with the formation of the chlorides of lead and 
chromium, the solution having a green colour. When boiled 
with strong eulph\iric acid oxygen is evolveil and a whit« 
insoluble residue of lead sulphate obtained, while chromium 
sulphate remains in solution. It is soluble in caustic iwda 
solution. The first action of the alkali is to abstract a 
portion of the cbromic acid, thereby giving rise to the fomw- 
tioD of a basic chromate of a red colour. Then, if the alkali 
is in excess, it dissolves this. On adding an acid to the 
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alkaline solution the normal chromate is again thrown down. 
Normal lead chromate forms the bane of the chrome yellows. 
(See Chrovie Yfillov}.) A basic chromate of lead, having the 
formula. PbCrf>,PbO, is obtainetl by boiling lead chromate 
with the equivalent quantity of caustic soda ; by boiling white 
lead with pot-assium chromate ; or by melting potassium 
nitrate and throwing chrome yellow into the melted ma-ss. 
The second of these methods is useil on the large scale for 
making Derby red. The l>asic chromate of lead is a fine red 
pigment [irepareii and sold under a variety of names, Derby 
red, Persian red, American vermilion, etc. (.See Dvrby fleil.) 
In its chemical properties it resembles the normal chromate. 
Some basic chromates havint; compositions slightly difi'ereiit 
are found in various minerals. 

LEAD NITRATE This important lead salt is obtained 

by liissolving lead or litharge in nitric acid and crystallising 
out tlie lead nitrate formed. Lead uitrate occurs a.s pearly 
white, Hat crystals, having the following composition : 67;12.' 
pur cent, of lead oxide and 32ti8 per cent, of nitric anhydride. 
The formula, therefore, is Pb'lNOj. It is soluble in water 
and dilute nitric acid, but not in strong nitric acid. When 
heated it decomposes, ijiving off oxyjjen and nitric peroxiile 
and leaWng a residue of lead oxitle. It is used in preparing 
ciirome yellows and oranges and for other piu-poses. It {^ve« 
the usual tests for lea<l. When heated with sulphuric aciti it 
gives off nitne acid, A sample of lead nitrate should be 
readily and completely soluble iu water. The lead it contains 
may be estimated hy precipitation with sulphuiic acid as 
described above (see Lend) ; while the nitric acid it contains 
may be estimated by distilling 2 grammes with sulphuric acid 
nearly to dryness, adding water to the residue in the retort, 
repeating the distillation, collecting the distillates and titrating 
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them with Htandard cauHtic Hoda, usin^ phenol -phthaleiii a» 
an indicator. The number of cubic centimetreR of Ntau<lar(l 
alkali UHed multipli'-d by 0063 gives the quantity of nitric 
acid obtained. 

LEAD OXIDES.— Lead and oxygen combine togethe 
Form three oxidi* ah follows : The nionoside, PbO or litharge 
(see Lithnri/e); the dioxide, PbO^, or brown oxide; anil the 
tetroxide. Pb^Oj, or red lead (fiee J^ed Lead). Of these oxides 
the fii-st and third are valuable commercial product**, ami ar» 
<lescribed under their reHpective names. The monoxide 
basic oxide. When acted on by acids it forms the various salts 
of lead. Thus, with acetic acid it forms the acetato, with 
nitric acid the nitrate, with sulphuric acid the sulphate, and 
so on. The second oxide, lead dioxide, PbO,, is obtaiu<^!<) by 
b'eating red lead with dilute nitric aeid and collecting the 
residue of brown oxide of lead. It is a peroxide. When 
heated with hydrochloric acid it jrives rise to the evolution of 
chlorine und the formation of lead chloride. Sulphuric itcht 
decompo.'ies it into lead sulphate with the evolution of oxygwi*. 
Heating with strong nitric or acetic acids gradually diHS{)lv«a 
it, with the formation of lead nitrate or lead acetate respec- 
tively. It has no commercial importance. The ihini oxide 
is red lead. It is generally regarded as a compound of tJie 
mon- and dioxides of lead, inasmuch as when treated with 
dilute aciils it yieltls the brown oxide as an insfiluble residup, 
while there is found in solution a salt of lead. 

LEAD SULPHATE— Tliis .salt of lead has the formula 
PbSO,. It is obtained when sulphuric acid, or a soluble 
sulphate, is ad<ied to a solution of a lead salt, the sulphate 
being thrown down as a white precipitate-. It tx also fortueil 
when galena (lead sulphide) is heated in a current of air, and 



LEAD SLLPHIDE. 211 

when lead eotnpouu'k are heated with sulphuric acid. It is a 
white powder, insoluble in water, slightly soluble in acid sola- 
tioDK, but more soluble in solutions of auimomum sulphate. 
When Ixiiled with Ktroufr hydrochloric acid it dissolves ; as the 
solution cools crystals of lead chloride separate out. It is 
iiiMjluble in dilute nitric acid, .Strong sulphuric acid dissolves 
it. but dilution with water again precipitates it. Heat has 
little effect on it. When boiled with solutions of caustic soda 
il is disHolved, if excess of alkali be employed, The fii-at 
action is to convert the sulphate into hythwxide. a reaction 
which goes on in quantitative proportions. When boiled with 
.solutions of alkaline carbonates it is partially converted into 
Ictad carbonate. 

Lead sulphate forms the base of several white pigments, 
whicli are often sold under such names as uou-poinonous white 
lca<l, iiuiocuous white lead, patent white lead, etc. 

Lead sulphate is distinguished by its insolubility in dilute 
nitric acid, by its dissolving in hydrochloric acid, the solution 
giving white crystals of lead chloride on cooling and a white 
precipitate of barium chloride being added, this precipitate of 
liai^um sulphate being insoluble on boiling, 

Tlie presence of lead sulphate in pigments may be detected 
by treating them with dilute nitric acid and examining the 
insoluble residue with hj'drochloric acid as just described. If 
there be any barytes in the pigment it will be left undissolved 
by the bydi-oehloric acid. 

LEAD SULPHIDE This compound of lead is found in 

great abundance in nature- as the mineral galena. Its com- 
position is shown by the formula Ph8. It is the most im- 
portant ore of lead. It Is obtained in the wet way by adding 
a mlution of an alkaline chloride to one of a lead salt or by 
passing a current of sulphuretted hydrogen gas through a 
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solution of lead ; in both cases it in obtained as a black pre- 
cipitate. Lead sulphide is insoluble in water and in strong 
hydrochloric acid; nitric acid oxidises it to sulphate; when 
heated it melts, and in a stroii^^ curronb of air is oxidi.sed to 
sulphate. Lead sulphide has been sold as a pigment under 
the name of l-ead black, but it is of no practical importance. 

LEMON CHROME,— This is the name given to the palest 
chrome yellows. The best lemon chromeu are mixtures of lead 
chromate with lead sulphate in various proportions : others 
contain lead chromate, barytea and sometimes gypsum. Its 
propertie-s aa a pigment and the methods of te-sting and ana- 
lysing are the same as for chrome yellow (see Chrtmir yellow). 

LIME or QUICKLIME is the oxide of the metal calcium, 
having the chemical formula CaO. It is prepared by heating 
limestone or chalk (the natural forms of calcium carbonate) in 
kilns. It« principal property is tliat when treateii with water 
it combines with it, with the evolution of much heat anti the 
formation of calcium hydroxide. CaH^O, ; this operation is 
known as slakimj and the product is known as alitkeif tiirt/:. 
Lime is also known as caustic lime, on account of it« buniiog 
effect on the skin and animal tissues generally. On exposure 
to the air quicklime absorljs moisture and crumbles to a fm« 
white powder, air slaked lime, which haa not the same power- 
ful properties as the slaked lime prepared with water. It 
also absorbs carbonic acid from the air, passing into calcium 
carbonate ; conaeijucntly, it is important not to expose lime 
or slaked lime to the air. Lime is u.'ied in ihe preparation of 
mortars, cements, and concrete for building purposes ; in the 
preparation of lime blue (see /.inie Blue), chrome orang« aitd 
other pigments ; in the manufacture of caustic soda and i-auatic 
potash ; for colouring walls, etc. 
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Lime should be used fresh, as the carbonate o 
old lime detracts from its value. It ought to be well burnt 
and strong; when mixed with water in sufficient amount it 
ought to foini a smooth, buttery mass, free from gritty particles. 
Such a mass of slaked lime, if kept coverw! with water, will 
keep good for some time, but lime which has been badly slaked 
will not keep. Lime, or rather calcium hydroxide, is slightly 
soluble in water, audi a solution forming what is known as 
lim.e water, while milk of lime is the name given to a mixture 
of unLlisBotved lime and water of about the consistency and 
colour of milk. A gallon of lime water contains 89'5 grains 
of calcium oxide or 118'5 grains of calcium hydroxide. 
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LIME BLUE.— This name was given to a copper blue pre- 
pared from eop]>er sulphate by precipitation with lime, usually 
in the presence of ammonium chloride. Essentially it consista 
of a mixture of hydi-oxide of copper with calcium sulphate. 
It was once used to a very considerable extent in distemper 
work with lime and whiting, as it was then the only blue 
known whicli would resist the action of lime and was cheap. 
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It has now become nearly obsolete, having been iH>place<] hy-^ 
artiticial ultramarine, which is cheaper and better in every 
respect. Limt blue is a pale blue pigment of no frreat depth . 
of colour or body. It ia fairly stable when exposed to light- 
and air. Sulphuretted hydrogen and sulphurous bodies turn 
it black, owing to the foiination of the sulphide of copper. 
Heat also turns it black, the hydroxide of copper losing il« 
water and becoming changed into the oxirle. Acids destroy 
the coloni-, dissolving out the cojiper and leaving some of the 
calcium sulphate undissolved. Lime blue may be distinguished 
from other blues by the following reactions. Huated, it tum.s 
black ; treated with acids, it partially dissolves — a faint blue 
solution and a white resitlue being obtained. The blue solu- 
tion changes to a deep blue on adding excesfi of copper — thit 
i-eaetion being very characteristic of copper. On boiling the 
solution and adding caustic soda a black precipitate of copper 
oxide will be obtained. The solution will also give a whit* 
precipitate on addition of barium chloride, indicating tjie 
presence of sulphate ; and a, white precipitate on the addition 
of ammonium and ammonium oxalate, indicating the presence 
of lime. 

LIMONITE is the mineralogical name of the liydrated uxiile 
of iron, which occui-s in a variety of forms, crystalline ami 
amorphous. The colour is usually brownish. The purest 
limonite lias a composition corresponding to tlit; fonnolH 
2Fe^,0.„ 3H^0; it contains 85"6 per cent, of ferric oxide and 
H'i per cent, of water. Limonite is the colour constitneiit of 
ochres, siennas, umbers and other natural yellow or brown 
earthy pigments; in these it is associated with clay, bar^tes, 
gypsum, etc., and then forms very useful pigments, which are 
found widely distributed in nature (see Ochrfs, Hienntu, 
i'lnbfr"). Limonite is soft, readily solubk' in acids, fonnin^ 
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>'*llow solutions, which give all the characteristic tests for iron. 

On heing heated, it parts with its water anfl leaves a red 
HveBidae of the fen-ic oxirle ; this change of colour from brown 
^■d red is eminently characteristic of all those pij^^eiita into 
^Hnrhose composition linionite enters. 

f LINSEED OIL Tlii^ oil, the pro-Iuct of the see.l.s of the 

flax plant, IJnum uxnUatinslraum,, is the most important of 
all oils to the painter. Its chief and most distinguishing 
character Is that on exposure to the air in thin films it ili-ies 
to a hard iinn mass and thus is capable of acting as a biutUug 
material to pigments when used as paints. It is obtained from 
the seed by hydraulic preatui-e. The process is fully described 
in the author's Mnniutl of Painter'H Oilx and Colours. 

LiiLsei'd oil is sold in two forms, " Raw" and " Boiled ". 

Raw Linseed Oil. — /iaw linseml oil is the oil as it is 
iif-taineil from the presses, after having undergone a cei-tain 
amount of purification to free it from insoluble particles^ 
water, etc, The better qualities of the oil are occasionally 
^lubjected to a refining process for the purpose of extracting 
some of the colouring matter contained in the crude oil, and 
all the mucilage and other impurities ; this purified oil is then 
sold under the name of refined liv^eeil oil. 

Raw linseed oil is a yellowish oil, usually having a brown 
hue whicli is strongest in the crude oils, leas so in the com- 
mercial " raw " oils and least in the " i-efined " oils ; this colour 
is (hie to the presence of chlorophyll. The odour and taste of 
linseed oil are chai-acteristic. It is perfectly clear and limpid 
at all oi\linary temperatures, but when subjected to a moflei'ate 
degree of cold it becomes slightly more viscous, and at tem- 
peratures below -27° C. it solidifies. 

The specific gravity of linseed oil varies a little ; at 16° C. 
F.) it averages 0'935, but ranges from 0-931 to 0-937. 
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<(212° F.) linseed oil usually has a specific gravity of 0-801- 

It is soluble in about 40 times its volume of alcohol at thv 
ordiuaty temperature and in about 5 times its volume of boil , 
ing alcohol. It readily dissolves in petroleum ether, ether-: 
.shale naphtha, turpentine, rosin spirit, chloroform and HimiJac- 
;8olvente. 

Sulphuric acid has a strong action on linseed oil. givin^^-'iS 
rise to a considerable elevation of temperature. It generallj^^ -'j 
reachejs about 120° C. but varies with different samples of oilM^-*^' 
Thus the author has obtained the following figures: Witfc^^ 
Baltic linseed oil. 120' C. ; with Black Sea oil, 114° C. ; anc=»--*i' 
with East India oil, 110° C. Nitric acid also exerts a stronfi^t **! 
action on linseed oil, but the dejrree of action depends upoir*:*^' 
the strength of the acid. A moderately strong acid conv 
the oil into a viscid mass which is insoluble in petrole'' 
spirit. Nitrous acid does not give a solid elaidin with lin — 
seed oil. 

On gently warming linseed oil with glacial acetic acid the^s* 
oil dissolves. On cooling the oil is deposited. The first;*" 
deposition which shows itself is as a turbidity in the li(|uii]. _ 
This occui-s at from Sfi" to 47° C, acconiing to the i(uality 
the oil and the strength of the acid. This property of linae«ii 
oil constitutes a useful test for the pui-ity of the oil, 
adulterated with mineral oil or rape oil, the whole of tlie oil 
is uot soluble in the glacial acetic acid, or the turbidity forms 
at a niucli higher temperature. 

Linseed oil combines readily with bromine or io'line, an<J 
takes up larger proportions of these bodies than any other oil. 
There are slight ditt'erences between the vtirioiLs kinds ot 
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1 to the aiDDunts of bromiDe or of iodine they 
ill absorb. The average is 156 per cent, of iodine and 98 
per cent, of brotniae. That is, 100 parts of linseed oil will 
t^ke up 156 paiis of iodine or 9H parts of bromine. It may 

nlie laid down as a rule that the better the quality of the oil 

^H^K more of these bodies will it take up. 

HP The property which gives linseed oil it« value to the 
•painter is that it combines reailily with oxygeu, forming a 
Iiard. dry. resinous substance. This it does most readily 
-when exposed as a thin film (the condition when employed 
in painting) to the air. In this property of absorbing oxygen 
linseed oil is markedly distinguisheil from other oils. W. 
Fox, Oil and (Moitnuanx Journal, 1884, p. 234, gives the 
following table showing tiie number of cubic centimetres of 
oxygen alisorbed by 1 gi-amme of various oils :— i,. 



Baitic liuseed oil 
Black Sea linseed oil 
East Indian (CaluuUti) oil 
East Indian (Bombiiy) oil 
American linseed oil . 
Brown rape oil 



Olive oil 
Cotton set 



17-6 



24-6 



^H Evidently the quality of linseed oil depends very much 
^Evpon its oxy^n-alworbing powers. Thus Baltic oil, recognised 
as the best kind of Unseed oil, posses-ses drying properties 
superior to those of any other, while Indian linseed oil is 
ranked the lowest. From the above table we see that while 
Baltic oil takes up the must oxygen Ea.-^t Indian oil takes up 
tlie least. 

This (liB'erence between the qualitie.s of linseed oils from 
iSerent localities must be due to the ditterence in the character 
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of the climate of the country in which the seed was {rrown — 
the rule, appareutly. being that the colder the climate the 
better is the oil. This is borne out by the ditfertmce in the 
oils from the Baltic and the Black Sea. The seed from which 
the former oil haK*" been extracted will have been grown in 
places much farther North than where the Black Sea seed was 
grown, anil, therefore, presumably much colder. India is a 
much hotter country than Russia : hence, applying the rale, 
we &id that Indian oil has poorer ijualities than either of the 
two oils previously noted. 

Oxidised oil is a product largely used in the manufacture 
of linoleums and floor oilcloths. It is prepared by hanging 
sheets of canvas in an airy room and pouring ovei- them raw 
linseerl oil and allowing the tilm of oil which adhei-es to thft 
canvas to dry. Then another film of oil is poured over the 
canvas, which is also allowed to dry. These operations are 
repeated until a thick coating of oxidised oil is fonued on the 
canvas. It may be mentioned that the oxidation of the oil ap- 
pears to extend to the canvas as the latter becomes more or less 
bender and rotten. A very thick layer of oxitLise<I oil cauuot, 
therefoi-e, be formed. The oxidised oil is heavier than the 
raw oil used, the increase in weight being about 10 per cent. ; 
but the actual amount of oxygen absorbed must be more than 
this, inasmuch a^ some volatile products are formed. 

The solid and elastic product pi-oduced has been nam«d bjr 
Mulder linoxyn, and repreHente<l by the formula, Cj,Hj,0,,. 
It is iiuite insoluble in water and alcohol. Ether and chloro- 
form partially dissolve it, showing that it is probably a 
compound of two ditferent botlies, one soluble the other uot. 
When boiled with caustic potash it undergoes saponiticatioti, 
forming a red-coloured soap. Oxidised linseed oil is slightly 
heavier than water. When oxidised oil is exposed to the sir 
for some considerable time it decomposes and becomes soft 
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and sticky. Ultimattily it becomes Huid, soluble in alcohol, 
and partially soluble in water. According to Reid, Journal 
Socif.tif Vhemical Industry, November. 1894, this explaius 
wby paint laats longer in Bheltered places than in thtwe where 
it is exposed to wind, rain and other weather intlumtces. 

When raw linseed oil is boiled with caustic potash or caustic 
soda it underjroes eaponitication, glyceriuf being fonneil at the 
same time. Fi-om 187 to 195 per cent, of caustic potash, or 
from 134 to 15 per cent, of caaitic sofla. are required for com- 
plete saponitjcatioii ; while fruui 94 to 10 per cent, of glycerine 
is set free. When the soaps so formed arc ti-eated with dilute 
sulphuric add they are decomposed and the fatty acids of the 
linseed oil separated. These acids have a specific jiravity, at 
15= C-. of 0-924 to 0-927 ; and, at 100' C, of 0-861 to 0-864. 
They arc solid acids, meltinjj at 22° C. to 25" C, and solidify- 
ing at from 20° C. to 18° C. They are insolulile in water, but 
Holuble in alcohol, ether and other solvents. Their combining 
equivalent is about 306, which points to the presence of acids 
i»f high molecular weight. To the mixture of acids from linseed 
oil thus obtained the name uf }liiiilfit: acid is given. Linoleic 
acid is rather prone to oxidation, absorbing oxygen rapidly. 
It is, therefore, rather difficult to prepare these acids in a state 
of puHty. 

To linoleic acid has been a.sci'ibed the formula, C|,jHj.^O,. 
Recent researches have showi] that this cannot be con-ect. In 
the first place, this formula only corresponds to a molecular 
weight of 252, while the equivalent of the acids of linseed oil 
is always above 300. If linoleic acid contained 16 atoms 
uf carbon it would be iaologous witli palmitic acid, which also 
contains 16 atoms of carbon, and should, on being hydro- 
genised, yield that add ; while, as a matter of fact, it does nob 
yield palmitic acid but stearic acid, which has 18 atoms of 
carbon. Then, again, linoleic acid when treated with an 
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alkjuliri^r y^nuiion of [rXAff»^iam permangmiMit^e lielife an hrdroxv 
adJ, kr^^wn as satiric aciJ. ha^ng the fonnala Cj^H^O*iOH>. 
AiKoniin^ U> th<: rvT^^i^arches of Haznn, linaecd oQ ^"if^^iww two 
acid««. ^>ne Is name<I linolic add. an*! is a t«trolie acid, havings 
lh<; fonflala C.H^O^. capable of combiiuDg with 4 atoms of 
\frfftn\df^ and forming satire acid whco oxidised br an alkaline 
HTjIution of fjotaiHsiaiu permangaDate. The other acid is lino- 
lenif: acid. Thi** has the compositioD. C^H^^O^, and belongs 
U9 a -*fri*5S of fatty aciils of the general formula. C.ILb — 60,. 
a -^ri»?» of acid** only recently «iLs?overed. This acid has th*? 
high io'Iine value of 245. owing to the fact that it will com- 
hin<; with 6 skUfin^ of iodine, or the same number of atoms of 
brr^nine. Tlievf researches of Hazura require oonfirmation. 
(jarticularly a** to the existence of the last aci«l The e^uivalent^ 
of th*f>*.' acid** would indicate that linseed oO contains an acid 
with riioi-e tlian IS atoms of carbon. 

The purity of a sample of liasee^l oil may be ascertainetl 
by th»- application of the following tesU^ : — 

S/^^fijir Gnicify. — This can be ascertained by any of the 
w#fil-kiiowii rn^^ns. The trravitv should exceed 0*930. Any 
>anipl«' having a gravity Ijelow that may be reganled with 
siiHpif;ir»ii. as alvj any sample ninth a gra\'ity higher than 

Fhinh Point. — Place a little of the oil in a small porcelain 
ba^iii and heat it with a Bunsen flame. The rate of heating 
slirMihl l^i slow. In the oil support a <)00' F. thermometer. 
\Vh<-ii th<.* teni[i«ii-ature reaches al)out llOO' vapour will be 
notic*;«I. The teni|M*rature at which this occurs ought to be 
noted. Now, by means of a ta{>er with a small flame (or, 
lHrtt«;r. a blowpi|N.' attache^! to a gas jet and having a flame 
alniiit the size of a jiea), endeavour to set light to the vapour 
}isc!4riiding fnnn the oil, taking care that the testing jet daca 
ijot touch the surface of the hot oil. Sooner or later a blw 
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•■ftiue will appear to shoot acroas tlie surface of the oil. The 
'^mpeniture at which this occurs is called the flaskinij point 
"f the oil. In the case of pui-e linseed oil it will be between 
+o()° F. aiKl 500" F. A flash point of l>eIow lOO' F. may 
'ii'licate addition of mineral or hydi-ocarhoii oil, while a flash 
point of lesw than 350° F. may indieaU: the addition of rowin 
oil, 

Frijportiim of Miiifrul or Ro^in Oil. — -If the specific 
gravity and the flash point have ^ven some indication of the 
preneuee of mineral oil or of rosin oil. the following pi-ocesa 
tttay be ailopted for determining its amount. Weigh out 20 
graiiimes of the oil to be tented, add a ijuautity of a solution 
of caustic soda (or, better, of caustic potash) in water and a 
Few <h-op» of methylated spirit ; boil well for about an hour, 
or until it is considered that the linseed oil has been thoi-oughly 
^Mponiflecl ; then allow the mass to cool. When cold, add aVxiut 
an equal volume of petroleum ether, stir the mixture well, and 
transfer it to a separating funnel, adding a r^uantity of waiTii. 
"but not hot, water. On allowing it to rest, the peti-oleuni ether 
"will rise above the af|iieous liquor, and caiTy with it any niineml 
or rosin oil that may be present. The lower aqueous layer is 
now run oti*. fresh warm water ia poui-ed intjp the funnel, the 
whole well shaken and again allowed to rest ; the aqueous 
layer is then run ofl', and the washing with warm water re- 
peated two or three times. The ether layer is uext mn into a 
weighed glass beaker, the ether evajxirated off on a water bath 
and the i-esidual oil weighed. With care, fairly accurate results 
can be obtaiaed by this method. The residual mineiBl oil may 
be examined to a.scertain whether it be a mineral or hydro- 
carbon oil or be roein oil ; the specitie giavity will, as a rule. 
be sutEcicut to indicate which it is. The speciiic gravity of 

t' leral or hydrocarbon oils will not exceed 0'!)20, while that 
tosin oil will not be below U"980. 
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Adulteration of Linseed Oil ^vith other Fatty Oils, — This 
form of adulteration is exceedingly rare, inasmuch as linseed 
oil is usually the cheapest of fatty oils, and the price of such 
oils as rape, cotton or castor oils rarely falls below that of 
linseed oil ; even then the difference of price Ls scarcely suffi- 
cient to induce the use of such oils for adulterating linseed oila 
No simple tests can be given for detecting such adulteration. 
The analyst has to take into account the specific gravity of 
the sample, the proportion of caustic potash required to saponify 
the oil, the Maumene test, the iodine absorption, for a descrip- 
tion of which tests the reader is referred to the author's books 
on Lubricating Oils, and on Soaps, issued by the publishers of 
the present work. 

Boiled Linseed Oil. — It has been stated above that the 
property which gives linseed oil its value as a paint oil is that 
on exposure to the air it absorbs oxygen and becomes hard 
and resinous, or (as is commonly said) dries. This property 
of drying has been found to be increased by heating the oil, 
more esj^ecially if, during the process of heating, another body 
technically known as a drier be added, the presence of which 
appears to promote the absorption of oxygen by what is known 
to chemists (for want of more definite knowledge of the action) 
as catalysis. This action will be discussed presently. Oil 
thus heated is prepared on a large scale commercially and is 
known as boiled oil. 

Boiled oil can be prepared by several processes ; these are 
described in detail in the author's Manual of Painters 
Colours, Oils, etc. It will be sufficient here to indicate in 
outline the chief methods : — 

1. Tlte Fire Process. — The oil is heated by fire in a suitable 
boiler to a temperatui-e of 500° F. for some hours with more or 
less driers, the time of heating and the quantity of driers added 
being dependent on the quality of the boiled oil which it i 
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^lesired to make, an the (iiii»hecl prcwluct may vary from a pale 
oii (havini; ".Irying properties but slightly better than those of 
mw oil) to a thick viscid oil (drying very quickly), while it is 
possible to pi-oduce a solid product by sufficient heating of the 
oil This method is commonly employeii, although it is be- 
cumiug more and more superseded by other processea J 

2. The Steatn Pmcees. — The oil with the driers is heate^| 
in a steam -jacketed boiler, steam at a high pressure being send 
into the jacket. Air is blown into the oil duiing the upera^ 
lion. Thia process has the merit of yielding paler coloui'ejl 
oils than tlie tire pi-ocess, and is freer from danger. It iilfl 
niiw largely used. fl 

3. Thf hartlny-Blenkiiisop Pt-.«'»'S8.— The oil is heated t(« 
a comparatively low temperuture with a small quantity o^| 
iiiaiigaiiese linoleate, air being blown in at the uame timftfl 
The merit of this process lies iu the fuet that it yields an oiU 
which is Very pale in colour — paler even tlian the raw oil fi-oii« 
whicli it is made — so that it may be ased with pure whit^| 
folours and pale bright tints without fear of discolouring! 
them At the same time the drying properties of the oil ar^M 
perfectly satisfactory. ■ 

As prepared by either tlie tire or steam process, boiled oi|H 
is a dark, reddish coloured oil : the specitic gravity varies con-^ 
siderably, samples of boiled oil having specific gravities rau^fl 
ing from 0-938 to 0'945 may lie met with, while occasionally ■ 
heavier samples are made. In its general properties boiled.V 
oil is similar to raw oil and the tests for it are the same. It,fl 
liiiwever, dries much more quiekly, or in at least half the time,fl 
and with a more glossy surface. Boiled oil is scarcely ever^ 
used by itself in [taint making, hut is always mixed with raw fl 
oil ; this is because, if used alone, it would leave a cttat which I 
^hard and liable to crack, owing to want of elasticity. I 

■ Action of Driers on Oil — It has lieen well established thata 
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the drying of Unaee<i oil is due to oxidation, the oil ftbAorbing 
oxygen and forming the substance which has received the 
name of linosyn. Now it has been found that by mixing the 
oil with cei-tain metallic compounds the drying of the oil is 
much facilitated. The metallic .salts which are found most 
effective are niangaiie-se dioxide, manganese sulphate, man- 
ganese acetate, litharge, I'ed leail, lead acetate and a few 
othera. The substances which have been found to be the 
most active as driers are eompounda of metals, such as man- 
ganese, iron and lead, that form two or three compounds with 
oxygen, and their action as driers may be csplained by their 
acting as caiTiers of oxygen from the air to the oil. During 
the operation of drying a certain amount of catalytic action 
occurs ; the metallic compound takes up oxygen and fonns a 
higher oxide, which gives up a portion of its oxygen to the 
oil, and re-fomis the lower oxide; this alvwrbs more oxygen 
from the air and pai-tfi with the excels to the oil until the oil 
has become iiuite oxidised and dry. Usually the proportion of 
di-iers added is but small ; from 1 to 2 per cent, of the oil is 
usually sufficient. Some of the metal of the driers enters into 
combination with the fatty acitls of the oil and forms lead 
compounds or lead soaps, which are dissolved in the excess of 
oil present; and the probability is that these lead, or metallic, 
soaps have some influence on the lustre of the coat of oil which 
is left when the oil is spread over a surface. 

Prof. W. N. Hartley, who has made many investigations 
on linseed oil. has, as the result of his experiments on this 
subject, come to the following conclusions; — 

1. That the chemical action of the manganese compound, 
employed as a drier, is that of a carrier of oxygen from the 
atmosphere to the oil. Manganese oxide takes up oxygen fron 
the air and transfers it to the oil, and in so doing it suffen 
alternately the opposite processes of oxidation and reducti(m. 
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2, That to obtain the best result the amount of Rian^aneae 
present must not exceed a certain amall proportion of the oil. 

3, Oil to which turpentine has been added dries inoro 
rapidly than oil without such addition, becaase the oil, being 
diluteii and rendered thinner, in spread over a larger surface and 
is in contact with a much larger <]uantity of air or oxygen. 

+. Turpentine does not act as a drier, tliat is. as a earner 
of oxyjfen to the oil. 

5. Ditfei-eut white pigments behave differently wlien dry- 
ing ; the more powerfully basic the pi*operties of the pigment, 
the more powei-ful is its action at a drier. Lead oxide and 
white lead (basic carbonate of lead) combine more easily with 
the acids of liuHeed oil than does zinc oxide. But zinc oxide 
dries better than antimony oxide, beeaiwe it is stronger in its 
Ijasic properties ; while ai-seniate of tin has no basic properties, 
therefore it ie not a drier. 

6. ludiderent Jtubstance.s. that is to say, those without 
chemical action on the oil (such as lfim]> black, IjarytuH, lead 
sulphate), cannot act an drier.H, See Anden' VH-jetahli' Fals 

tlTlil Oils. 

LITHARGE. --This substance is the monoxide of lead, 
having the fonnula, PbO, and composed of 9281 per cent. 
of lead and 7'19 per cent, of oxygen. It is obtained by 
melting leail in a suitable furnace and passing a current of 
air over the molten lead, The oxygen is absorbed ; the 
resnlting oxide is allowed to melt and is then nin into suit- 
able vessels. On cooling it breaks up into fragments, which 
again are easily broken up into flaky pieces and then form 
the flake litharge of commei-ee. Lithai-ge is found in trade 
in two forms, fiake and powder. The former is that in which 

iht is first obtained. The latter is produced by grinding the 
former. Flake lithaige has an orange brown colour and is 
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somewhat lustrouH. Powder litharge has a bniwnifih biitf 
colour. It is heavy, the Hpecific gravity being SIS. but varies 
sliyhtly according to the mode of preparation. 

It iH readily soluble in dilute nitric acid and ui acetic acid. 
Forming colonrleH» solutions of the nitrate and acetic of lead 
respectively. Boiling hydrochloric acid converts it into the 
chloride, which is soluble in the boiling li(juor, but is deposited 
again on copling in transparent crystals. Sulphuric acid con- 
verts litharge into white, inwlubte sulpliate of lead. LithargA 
is also soluble in solutions of the caustic alkalies, forming 
■culoui-less solutioua. It is also soluble in Holutions of th« 
numial acetate of lead, yielding solutions of basic acetate. 

Litharge is used fora great variety of purposes : in making 
glass, cements, colours, pottery, and lead fialt.s, as also for calico 
printing, dyeing, etc. 

Commercial litharge is usually very nearly pure, veiy little 
adulteration being can-led on. It ought to be completely dis- 
solved by acetic acid, anil to form a colourless solution ; not 
more than a mere trace of insoluble matter should be lefi 
behind, and that ought to be brownish oxide of lead. 

LITHOPHONE, the name given to a white pigment, con- 
sisting of a mixture of zinc sulphide, zinc oxide and barium 
sulphate, ma<le hy the same process as is used for Orr's Whit«. 

iSee Orr's White. 

LOKAO, the ChiuesL- name- of Cliinese CJn-en. See CfnneM 



MADDER is tho groimd root of tlte madder plant. Jiuhia 
tinctvria. At one time this plant was largely cultivatM in 
various countries of Southern Europe, the root being iMed 
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in the dyeing of textile fabrics in the favourite Tiirkey red, 
a colour renowned for its fastneMS to washing, light, etc. Now, 
however, it is only grown to a slight extent, the advance of 
chemistry having shown how the principle, alisiarin, to which 
the madder owes its colouring power, can l>e more cheaply 
produced artificially. From madder was made madder lakes — 
pi^jments which tu-e largely used by artists. 

Madder contains two colouring principles (not preaent in 
the fresh madder. a» such, but in the form of glucosides), 
which, by the action of fenuents or alkalies or acids, decom- 
pose and yieltl alizaiiu and pui-purin, together with a glucose 
HUgar. The amount present in the madder root Ls small ; at 
the most not exceeding 3 per cent. For the purposes of dyeing, 
etc., it is not necessary to extract the colouring principles from 
the madder, as the latter may be used directly. Considering 
that madder has become almost obsolete it is not necessary 
to derscribe it in detail. Those readers who desire further 
information will find it in Kneeht and Rawson's Manual of 
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MADDER LAKE. — The coloiu'ing principles of madder, 
alizarin and purpurin, have the property of forming with 
alumina, lime, iron and other metallic oxides, insoluble colour 
takes. It is upon this property that their application in 
dyeing and textile printing ilepen<lB. It is also upon the 
same property that the use of madder in the manufactuie of 
lake pigments is based. Madder lakes have been, and are 
now, largely used by artists, chiefly on account of their 

El of tint and their fastness to ligtit and air. in 
pects they excel all other lakea. 
Ei 
■h 
I 



MAGNESIA is the oxide of the metal magnesium, and 
the chemical formula, MgO. It is composed of 60 



per cent, magnesium and 40 per cent, oxygen. It b 
usually prepared by heating the carbonate or the hydrate, 
when it in left behind as a bulky white powder which 
constitutes the calcined magnesia of the shops. Its specific 
gravity is 307. When very strongly heated it may rise 
to 3*6. It iH infusible under oi-dinary conditions, and can 
only be melted by employing the oxyhydrogen blowpipe. 
It is almost insoluble in water. I part of magnesia dis- 
solving in 5.5,000 partial of water. Magn&sia is faintly 
alkaline. It dissolves in all acids, forming the magnesium 
salts, of which the most important are the chloride and the 
sulphate. 

Magnesia is used in me<licine, in the preparation of cementa, 
Hnd for making infusible bricks, pottery, etc. 

Magnesia should be completely soluble in acetic, hydro- 
chloric or sulphuric acids. The solution should not give any 
precipitates on successive addition of ammonium chloride, 
ammonia, auiinoniuui sulphide and ammonium carbonate. 
Ammoniuin or .sodium phosphate thixiw down white crystal- 
line pnM-ijiitatvs of ammonium magnesium phosphate From 
animouiacal iiulutiuns of magnesia. 

The amount of magnesia can be del«ruiiue<l by taking a 
kiHtwit wei|^t of the sample, disnolviog it in wat«r or acid, 
tlien adding ammoitium chloride aiid aminonia in slight excess. 
A MtUition of ammonium or sotHum jdioaphate is then added 
and tl)« uiixtiin' put in a warm place for a few hours Ui ensure 
the ouuiplt^ |MToipitMtioi) of the magn«^; the precipitate 
\» wxl tiit^rwl Kiff. wa.■d«^^ well wilh water containing a little 
atnnHmtA, dried and then burnt in a weighed crucible, the 
rraidtw bluing m«gB"H>iui> p>T»phosphate. The wei^t of 
Utia niulti^JiMt by 0'3ti036 gi%'vs the antount of iiiagiie«a. 
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MAGNESITE, the Datura! carbonate of magneaium. It 

i found in larfje. hard and coiiiiiact masses, of a white colour, 

I Occasionally it is met with in the form of rhomboidal crystals. 

Pin combination with au eiiuivalent proportion of calcium 

LoarboDate it forms the rock known as dolomite. In an 

■liydratetl form it is obtained by adding a solution of an 

ffAlkaline carbonate to one of a magnesium salt. Magnetite 

Kcontaius 2857 per cent, of magnesium, 1429 per cent, of 

fiearbon, an<t 57'14 percent, of oxygen, and has the formula.' 

MgCOj. It is insoluble in water, but soluble in water con- 

linuig carbonic acid in solution, from which, on evaporation, 

■(•Ji hydrated carbonate can be obtained in a crystalline form. 

The natural carbonate is used in commerce as the source 

r preparing some magnesium salts, and, when grountl fine, 

I a white pigment. Precipitated magnesium carbonate is 

nown as ■nLai/n^ia alba, and two varieties, ti,;iht and he<ivy, 

! distinguished. The fonner is prepared by precipitating 

old solutions and the latter by precipitating hot solutions of 

magnesium sulphate or chloride. Magnesium carbonate in 

ny of its forms is soluble in acetic, hydrochloric or sulphui-ic 

Bids with etfervescence. the corresponding magnesium salts 

J formed. 

The teste for magnetite are similar to those- for magnesia. 



MAGNESIUM.— This metal is found widely distributed in 

iflture. It is present in many waters in the form of carbonate 

Old sulphate. Many mineral waters owe their therapeutical 

bmloe to the presence of the sulphate in notable ijuantity In 

i water it is present as chloride, and much of the peculiar 

■aline ta-ste of sea water is due to its presence. As magnesium 

tnpounds, carbonate, sulphate, etc., it is found in many 

I'miuerals and rock masses, but the metal itself is nevei' found 

Magnesium is a silver-white metal, which becomes 
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slightly oxidised on exposure to air. It is soft, readily cut, 
ductile and malleable. When heated it burns with a most 
brilliant light, rich in actinic rays ; hence is larj^ely used by 
photof!;raphera for taking photojiraphs by artificial lig^t. 
When burning it foiina the oxide as a tine white and bulky 
powder. Magnesium is soluble in nearly all acids, with 
evolution of hydrogen and the formation of the correspond- 
ing salt. When boiled with alkalies it is dissolved, hydrogen 
being evolved. Magnesium has an atouiic weight of 24 and 
the symbol Mg. It is a dyad metal, fonning with acids, salts 
of the type of the chloride, MgCI.;, the sulphate, MgSOj, and 
the carbonate, MgCO^. Most of the magimsium compounds 
are soluble in water, the oxide, carbonate and phosphate being 
the chief insoluble compounds. The oxide and carbonate have 
already been described. The tests also have been noted under 
magnesia. See Afai/neMiii. 

MALACHITE. — A natural Imsic carbonate of copper usually 
containing 19'9 per cent, of carbonic acid, CO^, 71 '9 per cent, 
of oxide of copper, CuO, and 82 per cent, of water, H/). The 
formula is CuCO^, CuU^O^. It is found in large masses in 
Siberia and in other localities. It is used as an ornamental 
stone and for pigment purposes, being then solil under the 
name of mountain green or mineral green. It is also used 
as an ore of copper. It ha-i a specific gravity varying from 
3'5 to 4, and is easily powdered. It« usual colour is a bright, 
medium shade of gi-een of a yellowish tone, but it can be found 
in a great variety of tints. When heated it is decomposed, m 
black residue of oxide of copper being left, while the carbonic 
acid and water are driven off. Acids dissolve it with etfcr- 
vescence, owing to the evolution of carbonic acid, the corre- 

LBponding copper salts being formed. As a pigment it is quite 
permanent when exposed to air under ordinary couditioiw. 1 
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It is, however, blackened by sulphuretted hydrogen and 
snlphurous vapours. It has a Fair amuuut of body and 
eovering power. Its use as a pigment Ih, however, becoming 
obsolete, the Brunswick greens which take its place being 
much superior. 

Mountain green may be detected by turning black ou 
being heated ntrongly iii a auiall crucible, by dissolving with 
.efterveaceiice in adds, by its wolutioiis having a green colour, 
and by these solutions giving the following reactions with 
diBUiical reagents : Ainuionta forms a deep blue solution 
(which is eminently characteristic of copper), yulphuretted 
hydrogen throw.s down a black precipitate of copper .suljihicle. 
Oaiistic soda thrtiws down a bluish-wJiite precipitate of CJpper 
hydroxide, which, on the mixtui-e being boiled, changes into 
■the black oxide of copper. Potassium feiTocyanide throws 
down a bixiwn precipitate of copper ferrocyanide. 

MANGANESE, the name given to the natural oxidt- uf the 
letal manganese. See Maiiijanvae. T>'ii>xi,dv . 

MANCANESE ACETATE This salt of manganese (pre- 

lareil by dissolving precipitated oxide of manganese in 
|.,»cetie acid) has a compcsition corresponding to the formula, 
PjWnZCoHjO^. It is occasionally used as a drier. Its action 
Las a drier is very powerful owing to the fact that it readily 
Sparta with its acid, thus enabling the oxide of manganese to 
unite with the oil and to act as a carrier of oxygen. It has 
the advantage over the oxide of manganese in that it ^-ields a 
paler oil. 

t MANCANESE BLACK Under this name the natural 
side of manganese has been sold as a pigment. For this 
urpose its use is disadvantageous. Fii-st. owing to it-s expense ; 
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second, owiti^ to the bi'ownish hue of itB colour ; and. Lastly, 
owing to its powerful dryinff properties, which, when used as 
& pigment, causes the oil to become over oxidised and to yield 
a coat which is hard and brittle, and, therefore, not durable. 

MANGANESE BORATE — This substance, which is largely 
usetl as a drier, is made by precipitatinj; solutions of man- 
ganese saitti with solutions of borax. If the precipitate is 
dried it has, according to Prof. Hartley (Chemical Society b 
Journal, vol. xliii., p. 129), a composition indicated by the 
formula, MnH,(B03),H.,0. Heated to 100° C. (212° F.) it loses 
ita water of hydration and then has the formula, NnH^(BOj), : 
while at hif^her temperatures it loses more water, until, at 
a bright red heat, it has the composition, Mn(BO,)„. In 
making borate of manganese it is better U> add a littlu 
caustic soda to the solution of borax used. As found in 
commerce it is a powder of a faint pinkish hue, insoluble 
in water, but somewhat soluble in alkaline solutiomi. As a 
drier it is superior to the lead driers, but inferior to man- 
ganese itself ; but it possesses the advantage that it does not 
darken the oil as much as either manganese or even any lead 
compound.^ do. 

MANGANESE BROWN.— Some of the natural hi-o«-o 
oxides iif manganese, as also the precipitated variety, have 
been sol<l us pigments under this name, but their uaa ia 
far from satisfactory, for the same reasons as militate against 
the uxe of the black oxide of manganese an a pigment. See 
Manyavese Black. 

MANGANESE COMPOUNDS give the following reactions: 
Aiiniioiiia throws down ii pale brown ptvcipitate, which darki^nH 
(III fxposui-e to the air. This precipitati; iloes Tiot ftnui in the 
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presence of a large excess of ammotiium chloride ; heuce in 
Any circamstauce the precipitation in not complete. Sodium 
hydrate thi-ows down a pale brown precipitate of manganous 
hydrate, which turns dark brown on exposure to tho air. 
This darkeainf; of the colour is eminently charactt.>ristic of 
manganese. Ammonium sulphide added to ammoniacal solu- 
tions of manganese throws down a drab-coloured precipitate 
of manganeso sulphide, MnS, which is insoluble in acetic acid, 
but soluble in hydrocldoric acid. Manganese, when present, 
-can be estimated as the tetroxide, Mn.|0,. by taking a weighed 
pcHtion of the manganese compound, dissolving in water or 
Acid (as the case may re(|uire), and adding a solution of 
aodium carbonate. This precipitates the manganese as car- 
lionate. The mixture is allowed to stand for an hour to 
«omplete the precipitation of the manganese, and filtered ; 
the precipitate on the filter is well washetl, dried and ignited 
in a crucible, when it decomposes into the tetroxide, Mn^Oj, 
^rhich is then weighed. Or, inateat! of precipitating as 
carbonate, the manganese may be precipitated as sulphide 
by the use of ammonium sulphide. This precipitate is filtered 
off, washeil, dried and ignited in a porcelain cnicihie and the 
■eight of the i-esidual oxide. Mn.O.,. (isei-rtHined. 

MANGANESE DIOXIDE, BLACK OXIDE OF MANGANESE. 
-This substance occurs naturally in large i|uantitie.s, and is 
nown to mineralogists as pyrolu.'^ite. It is a heavy black 
powder, which, when heated strongly, gives off oxygen. It is 
a peroxide, having the composition indicated by the formula, 
MnO;. When heated with acids it gives rise to oxidation 
products and to the formation of the manganese salts corre- 
sponding to the next lower basic oxide of manganese, MuO. 
Thus with sulphuric acid it yields oxygen and manganese 
sulphate : with hydT-oehluric acid, chlorine and niitnganous 
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•i"U HANfiANESB KREICN— MANGANESK OXALATE. 

uhloride. The natui'al product in not entirely soluble. & little 
silica, etc., beiujr left a^ an iunoluble i-esidue. Mati<raiie»e 
dioxide ia also prepared artificially in \&rgei ijuantities by 
Weldou'a process for the recovery of raaajranese used in the 
manufacture of bleachinj; powder, this artificial pi-oduct being 
UBually kuown as Wnldim Mm/, and sold in the form of a paste. 
Maujranese dioxide is used as a drier in making boiled oil 
and varnishes. It is the best drier known, but has the 
disadvantajte of discolouring the oil somewhat. By usin^ 
the browner grades of the natural ox i ties of manganese 
tlm difficulty may be overcome to a ;^at extent. Usually 
From i to 1 per cent, will be found sufficient t<i produce a 
strongly drying oil. It is also used in glass and pottery 
manufacture to proiluce reddiwh shades and as an oxidising 
agent. 

MANGANESE GREEN A green pigment can be m«4e 

by heating together oxide of manganese, nitrate and sulphate 
of Iwriuni, but it lias never come into practical use. 

MANGANESE LINOLEATE — This manganese soap is pre- 
pared by saponifying linseed oil by means of caustic potash 
and pouring the resulting soap solution into one of manganese 
sulphate, the manganese soap separating out in the form of 
cui-dy masses. These are separated, washed with warm water 
and dried. It is employed in the Hartley- Bienkinsop pi-ocess 
of boiling oil, in which it acts not only as a drier but a1»o «g 
a bleaching agent on the chlorophyll naturally present in the 
oil. 

MANGANESE OXALATE, MnC,0„ is preijared by dis- 
solving freshly precipitated oxide of manganese in oxalic acid 
and evaporating the solution to dryness. Of late it lias been 
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propoaed to be used as n drier in oils and paints, its peculiar 
advanta^^ for which are said to be that it readily underfroes 
decoiDpositiou into oxide of man^ranese (which combines 
with the oil), and carbonic acid aiirl water (whicli pass 
awiiv). 

MANGANESE SULPHATE, MuHO^, is prupar^l by dis- 
solving mangani'91^ oxide in sulphuric acid and evaporating 
the solution to dryness. It is largely used as a drier in making 
paiatfi and vaniiahes. It is a salt of a faint pinkish colour. 
and is stable when exposed to the air, Some samples of com- 
mercial manganese sulphate are deliijiiescent, owing to their 
containing a small quantity of the deliquescent chloride. 
Manganese sulphate is readily soluble in water. It does not 
decompose when heated. Its special advantages as a drier are 
that it does not tend to discolour the oil as does the black 
oxide of manganese, while it is nearly as powerfnl na the 
latter substance. 



MANILA COPAl This resin is impoi-ted from Slanila in 

I the Philippine Islands. It is the pi-oduct of various Kjjecies of 

I trues which grow in many islands of this group. Fi-om these 

reea it is collected by the natives who send it to Manila for 

ixport to Europe and America. In appearance Manila copal 

B rather variable, but generally it comes in the form of pebble- 

I like pieces of a pale brownish colour, varying somewhat both 

I in size and tint. It is rather soft, but tends to become hard 

I with age. Its specific gravity is about 1062, It melts at 

Ebom 230° to 250" F.. and at a temperatm-e slightly alxive 

I b^ins to distil, the distillate consisting of an aqueous portion 

I, of an acid character and an oily portion with a strong empy- 

Freumatic odour. Manila copal is soluble to a large extent in 

I- methylated spuit and alcohol, partially soluble in amyl alcohol 
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(fusel oil), and completely noluble in a, mixture of methylatol 
spirit and amyt alcohol. It ia soluble in ether, but only par- 
tially BO in benzene, turpentine, chloroform and petroleum 
Hpirit, the iiL'toluble portion usually forming a white gela- 
tinous maRH. There are some diH'urencijs between ditferent 
samples of Manila copal in rej^ard to their solubility in solventei. 
some being more so than others. Roughly, two varieties are 
recognised in trails, hnrJ and soft, the former being leas 
soluble than the latter. Manila copal which has been melted 
by heat does not become any more -soluble in alccihol. but is 
more freely soluble ui other solvents. 

Manila copal is largely u.seil in making spirit varnishes aitil 
enamel paint-s. It is rather more elastic than shellac ; hence, 
when UHed in conjunction with the latter resin, it imp&rts 
elasticity to the coat of vann'sh left behind on evaporaticm 
of the solvent. Manila copal makt« fairly durable varnishes 

MASTIC— Hee Gum Ma^llr. 
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MENHADEN Oil This oil is derived from the Menhaden 

tish, Atosii Mftihailev , found in great abundance off the east 
coast of North America. It is a bi-ownish-coloure<l oil. the 
crude qualities being rather turbid, and the refined gradoi 
fairly clear. It has a characteristic tishy odour and tatjt«. 
Its specific gi-a\'ity ranges from 0-927 to 0932 at 60' F. It 
solidi&es at - 4° C. it renuires 10"2 per cent, of caustic 
potasli to saponify it, alworlis I4i7'9 per cent, of iodine, and, 
when mixed with .siUpburic acid (Maumene test), the tetnpent- 
ture risen to 126° C. It usually contains a small but variable 
<]uantity (08 to 1*5 per cent.) of utiHaponiMable matter. It 
is employed for a variety of purposes, particularly in loather 
making and in (tainting. When e-vposeil to the air it driwi 
well, giviniT ii Imrd c<Hit. 
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METHYL ALCOHOL.— When wood is .liBtiile.! there is 
obtained a lijiht spirituoui liquid known a« wooii spirit. This 
has rather a complex cora]x)sition, containing methyl alcohol, 
CH3OH (to tho extent of from 50 to SO or even 90 per cent.) ; 
acetone, {CH,),CO ; allyl alcohol, C^HjOH ; furfurol. etc. 
This wood spirit has a characteristic, but rather unpleasant, 
odour and a nauseous taste. By repeated ilintillation over 
time or soila most of the impurities may be removed. Refined 
wood apiiit is employed in the preparation of methvlated 
alcohol and in varnish making, as it is a j^qod solvent for 
resinn, in this property rivalling alcohol, which, perhaps, is due 
to the presence of the acetone and other alcoholic bodies. 

Methyl alcohol itself may be preparer! from wood spirit by 
a complicated pi:oceHs of puritication. It is a colourless hquid, 
very mobile and volatile, with a spirituous and fragi-ant odour. 
Its boiling point in 55° C. The speciHc gravity at 15'.5 C. is 
0*8021, but authorities differ owing to the great difficulty of 
obtaining it in a pure condition. It mixes in all proportions 
with water, ethyl alcohol, ether, turpentine, etc., and lia.s great 
solvent powers for resins, gums, etc. It has the chemical 
formula, CH^OH. When subjected to the action of oxidising 
agents it is changed tirat into formaldehyde, HGOH, and 
8ub»ei|uentty into foi-mic acid, HCOUH. 

The following reactions serve to distinguiKh metliyl alcohol 
from wood spirit : With the latter caustic soda praducea a 
Itrown colour, sulphuric acid a red colour, the depth of which 
is increased on heating the mixture. On adding a solution of 
mercurous nitrate a grey precipitate of mercury is obtained. 
It if) not easy to distinguish methyl from ethyl alcohol, both 
bodies liaving very similar properties. One tent is based on 
the fact that when methyl alcohol is subjecteil to the action of 
oxidising agents it is oxidised to formaldehyde, a boilj' having 
strong rethiciiig properties ; while ethyl alcohol yields under 
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similar cii-cumstanees acetic aldehyde, which has no reducin^r 
pi-opertien. Three to four c.c. of the spirit to be tested are 
mixed in a flask with 25 c.c. of water, 2i c.c. of sulphuric 
acid, aud 3 jfrauimes of potassiimi bichromate. The mixture 
is allowetl to stand for a nuaiter of an Iiour and then distilled. 
When ^fl c.c. have come over the distillate (which will be acid 
in character) is neutralised by the addition of sotliuin carbonate. 
It is then boiled down a little and a trace of acetic acid followed 
by a little silver nitrate added. A mere Jarkeniaff of the 
colour may be neglecteil, but a copious precipitate of a brown 
or black colour shows the presence of methyl alcohol. 

Another method of detecting the preKence of metliyl slcohol 
or wood spirit dependN upon the tact that commercial methyl 
alcohol aud wood spirit conlaiu acetone aiid other boilies which 
have a reducing action on potassium perraanjjanate. One hun- 
dred c.c. of the spirit to l)e tested is distilled and the distillate 
collected in 10 c.e. fraction-s. To each fraction a little potas- 
sium permanganate is added. If methyl alcohol or wood 
spirit be present the permanganate will be reduced in every 
fraction, bat if only oi-dinary alcohol be pi-esent the fii-st two 
fractions only will i-efluee the permanganate, this reduction 
being due to the presence of aldeliyde in small quantitiw, 
which concentrate in the Krst portions of the distillate. See 
also Alcohol. 

METHYLATED SPIRIT.— This important varnish solvent 
is a mixture of 90 per cent, of onlinary alcohol (spirit of wine) 
with 10 per cent, of wood spirit. This mixture is permitted 
to he used under special regulations by the exdse authorities 
for manufacturing purposes free of duty, the addition of the 
wood spirit rendering the use of the spirit for drinking pur- 
poses unusable. With a view to still further preventing ita 
Use for drinking, aud having regard to the fact that of late 
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METHYLATED SPIRIT. 2^9 

foaiiy impi-ovements have been iiia<le in the extraction of wooil 
spii-it from the crude wood naphtha, the authorities have made 
the addition of a little petroleum oil to the methylated spirit 
sold in retail compulaory. Where, however, it is iiecea^ary to 
use a methylated spirit free fiT>iii this adtlition they will ;^ve 
spedal permission for its use. 

Methylated spirit is usually sold at a streiii,'th of " 64 over 
proof," havinfj a specific gi'avity of 0821, aud (!ontaiuiuy about 
90 pel' cent, of real alcohol. The meaning of the term " 64 
over proof " Ls that when 100 volumes of such spirit are mixed 
^th 64 volumes of water it yieMs " proof spirit," which is a 
liquid which will not cause gunpowder to fii-e when a little is 
poured over it and a light applied. This term proof is very 
vague and should be given up. It would be bettor to sell 
the spirit according to the amount of the real alcohol it 
4»)ntains. 

The strength of methylated spirit may be ascertained with 
jBufficient accuracy by ascertaining its specitic gravity and then 
referring to the table given under Alcohol. 

Methylated spirit generally has an acid reaction due to 
its ooatainiiig small ([Uantities of acetic acid and aklehyde. 
Besides these it contains traces of other alcoholic b<jdies. amyl 
Alcohol, propyl alcohol, water, acetone, etc. 

The cjuality of methylated spirit may be roughlj- ascer- 
tained by distilling 100 e.c. of the spirit. All or nearly all 
should be distilled over below 100" C, the gi-eat bulk passing 
over between 80° and 90° C. If much is left in the retort 
after the tempei-ature i-eaches 90° 0. it is an indication of the 
presence of excess of water. 

Methylated spirit is lai'gely used in making shellac var- 
nishes and polishes ; rosin, dammar, sandaiac and other 
resinous varnishes ; and enamel paints. For all these pur- 
poses it is necessary to have a spirit of 90 to 92 per cent. 
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strength. Weaker .spii-it han little solvent action on the resin^*- 
Vaniishes made with methylated Hpirit dry quickly, uauall^S 
in from ten to fifteen minuter. The chaiaeter of the coat the^^ 
leave behind ilependu entirely upon the character of the ri 
etc., used in making them. 

What is known as Finish k luethylateil spirit containing 
about 3 oz. per gallon of rosin. Un the sale of this article th^ 
excise authorities place no restriction. It may be distin ^ 
guished from methylated spirit by its forming a copious whil 
precipitate on being poureil into water. 

The article on Aleuhol and Methyl Alcohol should b 
consulted for the chemical properties of methylated spirit. 



MICA, — Common mica is a double silicate of potash an( 
alumina, but there are micas in which the potash is i-epli 
by soda, lime or magnesia. The characteristic feature of tht 
micas distinguishing theui from other double silicates (tb< 
feLspars for example) in that they occur in thiu plates and have 
the property of cleavage very highly developed, so much 
that they can be readily split up into very thin slices. They 
are very transparent minerals anil havu a great power of 
resisting heat ; hence mica is much u-sed for making chimneys 
for oil lamps and in other ways where a traiLijHirent substance 
capable of resisting heat is required. Mica forms one of the 
constituents of a typical granite, in which it is present in the 
form of small iiake.s. It is not, however, present in all granites. 
In some it is replaced by hornblende or augite. The common 
mica is known to mineralogists as muscovite. Its composition 
varies somewhat, and ranges from 43 to 52 per cent, of Hilica. 
SiO^ ; 33 to 42 per cent, of potash, K^ ; 10 to 12 per cent, of 
alumina, Al^Oj ; and to 6 per cent, of water, H^O. Some- 
times small quantities of oxide of iron, lime and magnema ant 
also present ; while HuoHne Ls an almost constant constituent. 
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It possesses great elasticity and is one of the most transparent 
of the micas. It is the form usually present in granite. It 
occurs in crude china clay, and the levigating process to which 
that substance is subjected has as one of its objects the separa- 
tion of the mica (see China Clay). Another very common 
mica is biotite, the magnesia mica, the range in the composition 
of which is 86 to 45 per cent, of silica, 16 to 40 per cent, of 
magnesia (MgO), 30 to 36 per cent, of alumina, and to 4*5 
per cent, of water. It is usually of a dark colour, in some 
cases almost black. Its elasticity is slight and its transparency 
small. It is present in small quantities in some granites, but 
it is chiefly found in volcanic rocks, and altered igneous rocks. 
The other micas are of no moment. 

Besidas the uses given above, mica has been used in the 
preparation of lubricating greases, for which purposes, however, 
it is not to be recommended. 

MINERAL GREEN. — The name often given to malachite 
(see Malachite). Ai-tiScial mineral greens imitative of the 
natural malachite have often been prepared from sulphate of 
copper, arsenic, etc., but have not been successful, owing to 
their lacking the depth of colour and brilliance of tone of 
the origijial. In their properties such gi-eens resemble 
verditer. 

MINERAL WHITE. — The name given to ground gypsum. 
See Oypsam, 

MONTPELIER YELLOW Another name for Turner's 

yellow. See Tumer*8 Yellow. 

MOUNTAIN GREEN. — Under this name malachite is used 

as a pigment. See Malachite, 
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MOUNTAIN BLUE — The name given to axurite. which i 
I a natural basic carbonate of cupper resembling malachite in ic 
I oompoaition and properties, but having a bright blue colour. 
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NAPLES YELLOW.— This uitl and well-known pigmenr *r«it 
is a compound uf the oxides of lead and antimony preparec^"^^^ 
by several pvocesseR. At one time it was largely i 
pigment on account of the brightn&ss of its colour and itc 
good properties as a pigment : but of late years it bus tjteii i 

ilaced by the chrome yellows, which are at once brighter, " 

ve more colouring power and are cheaper. 
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NAPHTHA.— A common name for light liquidw, employed in 
various clieiiiical and allied industries an Holvent<4 for varioui 
bodies, resins, gums, india-rubber, etc. The varieties of tiaphtbt 
ai-e named acconling to their soiu-ce. Thus, there is woo<^ 
naphtha, obtained in the distillation of wood (see .IfelhyltU**^- 
Spint) ; coal-tar naphtha (Hee Coal-tar Naphtha), obtaintnl 
the distillation of coal for coal gas ; shale naphtha, obt^ined-S •" 
in the distillation of Scotch shale for the manufacture of* 
burning and lubricatiug oils (see Shale Naphtha) ; and petro- — ■ 
leum naphtha or beuzoline (see Bensoline and J'elroUum -^ 
■ Jlf<i.,,hth.i). 

NICKEL OXIDE, XiO, is a pale, greyisli-gi-een |>owder, .■— < 
quite stable when exposed to the air, insoluble in waUT liut -— - 
soluble in acids, with the formation of the corresponiiin^f!^ 
nickel salts. It is prepared by heating the carbonate or"^ 
nitrate of nickel rather stitmgly. Nickel oxide is also^ 
found naturally as the mineral biinsenitti, but only 
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■all ijuantitieH. Nickel oxide is used to some extent 
the maiiufaeture of pottery for pnxlucin^ a brown 
colour. Tiie nickel oxide usually sold is a very pure 
article. It should bo almost entirely wohible in acids, the 
solution giving the following reactions : No precipitate.s with 
either hydrochloric acid or nuljjhuretted hydrogen in the acid 
Holution. Ammonia should give a greenish precipitate, easily 
soluble in exeesM of the reagent. If ammonium Kulphide be 
added to the animoiiiacal Molution a black precipitate of nickel 
ttulphide 19 obtained. A Httle of the nickel oxide, when fused 
with borax befoi-e the blowpipe, should give a sherry -coloured 
bead. CauHtic soila gives an apple-green precipitate of nickel 
hydroxide, which ia soluble in acids oi' ammonia. Potassium 
cyanide throws down a green precipitate of the cyanide, which 
Vi soluble in excess of the reagent. The solution of potassium 

jiide u»e<I should l>e frealily made. 
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NIGER SEED OIL,— This oil i.s obtained from the aeeda 
of the niger plant, Owlzotia oleifera, which grows largely in 
the Niger districts of West Africa. It is a pale yellow rathw 
limpid oil, with a peculiar taste and .smell. When exposed to 
the air it becomes rather viscid, but does not dry well. Its 
sjiecific gravity ranges from 0924 to 0'928. It requires from 
18*9 to 19'2 per cent, of caustic potash to saponify it. It 
iibsorbs 132 per cent, of iodine, and with sulphuric acid gives 
a rise in temperature of 82° C. It is used to a small extent 
only. It is not a good lubricant, being rather apt to gum, 
while it does not dry suHiciently well to be used as a' paint oil. 
B most suitable use is as a food oil. 



I 



PNlTREi — The common name for potassium nitrate. See 
lasium Nitratr. 
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NITRIC ACID — This important acid is a. compound of the 
three cleiiient-s, hydrojren, oxygen and nitrogen, in tlie pro- 
portion of 1 part by weight of hydrogen, 48 parts of oxygen 
and 14;parts of nitrogen, and has the chemical formula, 
HNOj. It is obtained by heating either potassium nitrate or 
Hodinm nitrate with sulphuric acid in retorts ; the nitric aci» 
passes over in vapour and is collected in condensers, 
acid is of a yellowish colour due to its containing oxides al 
nitrogen. These can be removed by redistilling and passing — ' 
a current of air through. 

Pure nitric acid is a colourless, limpid, fuming and power- 
fully con-oaive liquid. It begins to boil at 1S7° F. (80° C). but 
the boiling point rises to 250" F. (121° C), at which it remains 
steady. The ordinary acid has a specific gravity of 1 424 
(85" Tw.), and contains about 70-5 per cent, of actual nitric 
acid. 

The most common impurities in nitric acid are dilorine, 
sulphuric acid, nitrous acid, iron, saline salts. 

Nitric acid acts upon metals very strongly, but its action 
is governed by the uetal in ijuestion and the strength and 
temperature of the acid. This arises from the fact that nitric 
acid is an unstable acid and readily decompoBe.s with thr 
evolution of oxides of nitrogen which have a reddLsh eolour. 
Strong nitric acid attacks copper, silver, zinc, lead, iron, 
forming the nitrates of the metals with evolution of nitric 
oxide. Sometimes nitrogen is given off- Tin, antimony and 
a few other metals are oxidised to the oxide, tin for example 
being converted to the white metastannJc acid, antimony to 
antimony oxide. Magnesium, zinc, lead, and a few other 
metals are acted upon by dilute nitric acid forming the nitrate, 
ammonia often being formed at the same time. The nitrates 
of the metals are much used for various purposes. They are 
all soluble in water. 
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64 
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21 
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65 
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23 
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66 
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67 
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25 
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70 
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73 
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31 
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40 
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90 


77-36 
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91 
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11-46 
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38-38 
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92 


80-13 
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3916 


4-874 


1-465 


93 
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94 


82-!H> 
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51 
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96 
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52 
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96 
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97 
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50 
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57 


45-27 


6-817 


1-505 


101 


93-66 


13-!I4 




1-290 


58 


46-04 


5-939 


1-510 


102 


94-13 


14-21 




1-295 


59 


46-80 


0-000 


1-615 


103 


95-59 


14-48 




1300 


60 


47-67 


6-184 


1-630 


104 


97-06 


14-75 




1-305 


Gl 


48-33 


6307 


1-635 


loa 


98-53 


1602 




1-310 


82 


49-10 


6-432 


1-530 


10(1 


100-00 


1630 




1-315 

IL 


63 


49-86 


0-650 
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Nitric acid may be esamined tor strength by weighiii|j^E 
out 5 grammeH, diluting to flSO c.c, takinjij 25 c.c. out arn^E.' 
titratiuy with normal standarrl .solution of cauMtic sofIa, usinj^"! 
phenol -phth ale in or litmus a.s indicator, the number of c.c_ 
of alkali useii is iiiultiplied by 0-OfiS to tinil thf weiyht oF" 
HNOj pi-eseiit. 

The presence of sulphuric acii! or sulphates is ascertaiued 
by diluting the acid with water and adding barium chloride, 
when a white precipitate of barium sulphate is obtaineil if any 
be present. The presence of chlorine Is ascertained by adding 
to a little of the diluted acid some silver nitrate, which w^ill 
give a white precipitate of silver chloride if any be present. 
If u-on is present a brown precipitate is obtained on adding 
ammonia, 

Nitric acid is also known as aijiia fortis: a mixtui-e with 
hydrochloric acid, as aijua regia, this is the only acid liquid 
which will disflolve gold. 

The cruder grades of nitric acid containing much nitrogeii 
oxides ill solution are often collet! nitrous acid in commerce. 

NON-POISONOUS WHITE LEAD.-Under this terra there 
are offered to painters mixtures of sulphate of lead, zinc white, 
barytes, etc., prepared by various processes. Generally tliey 
are very good pigments, having good body and covering 
power aud are very ilurable. These pigments should be 
examined tor their Ix>dy. covering power, etc., as they vary 
considerably in these properties. It is diffieult to give chemical 
reactions for these non-poisonous white leads, owing to tlie 
differences in their chemical composition. The presence of 
barium sulphate is ascertained by there beiug an insoluble 
residue on treatment with strong hjedrochloric acid. The 
presence of zinc oxide can be ascertained by treating the 
white with dilute nitric acid, tillering oH'the insoluble portion 



ami fttliiirii; to the Holution ammonia and ammonium .nulphideJ 
when a white precipitate of zinc sulphide will be obtained ifl 
zinc white be preseiit. The presence of leail sulphate aiayf 
iie aHcertaineil by treatiuj; the residue from the nitric acid with 
hydrochloric acid, dividing the solution into two portiona.J 
To one barium chloride is added when a white precipitate 
of Imrium sulphate insoluble on boiling will be obtained. Thm 
other portion is allowed to cool when crystals of lead chloride's 
will Heparale. 



L OCHRES. — A most important group of natural pigmeuta 
of a yellow colour found natuially in many places. In this 
country it is found in Oxfordshire (the ochre from which i 
cHteemed the best), Devonshire, Derbyshire, Cornwall, CumberJ 
land, Wales, Ireland, etc. It is found largely in FranfieJ 
especially in the district round Paris, the Fi-eneh ochrf 
having a good reputation ; in America, South Australia andS 
ill other places. The colour of ociires varies considerably fromS 
a bright yellow, in the case of the Oxfonl, French and Wela 
ochres, to a reddish-yellow in the case of the Cumberlaiu 
and Derbysliire ochres. Ochres, however, from the samd 
localities are liable to vary. The depth of colour is aIm 
variable. In some it is very strong, in others very weai^ 

Ochi-e.s owe their colour to the presence of oxide of ire 
in a hydrated comlition (see Limonite), which, in thea 
pigments, is mixeil with silica, silicate of alumina, time^ 
barytes and other earthy mattere, these varying aceordinj 
to the character of the rock masses in which the ochre i 
found. The following aualyses of the chief varieties < 
commercial whres will show the nature of their composiJ 
lion :— 
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1. Oxfirrd Ochre : — 

Water, hygroscopic . 
Water, combined 
Calcium oxide, GaO . 
Sulphur trioxide, SO3 
Alumina, AL^Oy 
Ferric oxide, Fe.,03 • 
Silica, Si0.j 

2. Welsh Ochre :— 

Water, hygroscopic . 
Water, combined 
Sulphur trioxide, SO3 
Silica, Si0.j 
Alumina, ALjO^ . 
Ferric oxide, Fe.>03 • 
Copper sulphide, CuS 

3. Irish Ochre : — 

Water, hygroscopic . 
Water, combined 
Insoluble matter 
Sulphur trioxide, SO^ 
Alumina, AljO^ 
Ferric oxide, Fe.,0., . 
Calcium oxide, CaO . 
Copper oxide, CuO . 

4. Derbyshire Ochre : — 

Water, combined 

Barium sulphate, BaSO^ . 

Silica, SiO., 

Calcium sulphate, CaSO^ . 

Calcium carbonate, CaCO., 

Alumina, Al.O;, . 

Ferric oxide, Fe.,0.^ . 

Magnesia, MgO 



Per Cent. 

6-88 
8-15 
0-99 
1-32 
6-47 
12-82 

63-47 

Per Cent. 

2-00 
12-50 

1-31 
29-72 
33-31 
20-70 

0-51 

Per Cent. 

9-05 
12-00 
32-50 

2-68 
16-77 
26-38 

0-25 

0-63 

Per C^nt. 

6-10 
20-96 
4-53 
2-51 
21-75 
10-65 
33-49 
trace 
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0. Cornwall Ochre : — 

Water, hygroscopic 
Water, combined 
Silica, Si02 
Alumina, AL2O3 . 
Ferric oxide, Fe^jOg 
Calcium oxide, CaO 

t). French Ochre : — 

Water, hygroscopic 
Water, combined 
Silica, SiO.^ 
Alumina, AL^Oj, . 
Ferric oxide, Fe^Oj 
Calcium oxide, CaO 



7. SotUh Australian Ochre : — 



Water, hygroscopic 
Water, combined 
SiUca, SiO, 
Ferric oxide, Fe^O^ 
Alumina, AL^O^ 

8. Ahierican Ochre : — 



Water, hygroscopic 
Water, combined 
Alumina, AL^O^ . 
Ferric oxide, Fe.,03 
Silica, SiO.j 
Barium sulphate, BaSO^ 
Calcium carbonate, CaCO^ 



Per Cent. 

1-40 
10-00 
59-67 

9-72 
18-54 

0-23 



Per Cent 
1-80 

9-20 
54-00 
13-75 
20-73 

0-19 



Per Cent. 

1-82 

6-48 

41-20 

38-40 

12-56 

Per C^nt 
1-30 

3-70 

4-06 

11-03 

4-47 

75-39 

trace 



The chemical composition is of no value for determining 
the actual value of an ochre as a pigment. For instance, the 
pi-oportion of oxide of iron (although the colour depends upon 
its presence) is no criterion o£ the depth of colour or bright- 
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ness, as much (lepeiids upon the con«lition of the oxi'de. The 
be«t ochres contain it in a hiffhly hyilrated form, and posseas 
lirightnesH aa well as depth of colour. Other ochres rontaio 
the anhydrous oxirle and have a reddish tint, whicli is rather 
objectionable. Then the covering power and hotly of an ochre 
greatly, if not entirely, depends upon the condition of the 
silica, clay, etc., which may be present. If these ai-e in » 
very fine, amorphous physical condition, then the pigment 
will be a gooil one, and will pi-obably have all the qualities 
of a fine pigment in a high degree. On the other hand, it 
may be that the constituents of an ochre are in a a-ystAlline 
condition. In which case they may cause the <K:hre to lack 
the opacity re^juired in a first-class pigment in onler to give it 
good covejing power and boily. 

Although, as may have been infeired from what has 
been said above, ochres vary very much in their Htrength 
of colouring power, in theii- boiiy and in theii- covering- 
power ; they are excellent pigments, working well with all 
vehicles and witli all other pigments, and being dumble 
ami permanent under all conditions of exposui'e to air, 
light, etc. 

They posBese the following chemical properties : They are 
insoluble in water and alkaline solutions and in dilute acids. 
Tliey are decomposed when ti-eated with strong hydrochloric 
or nitric acid, the ii-on. alumina, calcium, etc., forming a yellow 
solution, while the silica, barium sulphate, and other insoluble 
constituents form a white or grej-ish residue. When heated 
ixhres lose their water of hydration, the oxide of iron passing 
into the anhydrous condition ; at the same time the colour 
cliauges to red, the intensity or depth of which depends upon 
the duration and intensity of the heat applied. A short time 
or a low temperature produces a light red tint, while a longer 
time or a higher temperature gives a dark red shade. This 
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property ia tAken oiivftatage of in the preparation of ^'I'uetian 
and Indian reds. See Indian Red. Vevf.tian Heil. 

I Ochres ought to be tested for stren^li of coloiiring power, 
lint, covering power and body by the usual tests, an given 
Under Ttatlnt/ PifiTnents. 
It i» rarely that a chemical analysis of uchre is re(|uiretl ; 
K so, a qualitative analysis should lirst be made according 
to tile ordinary rules of chemical analysis an described in 
Prof. A, H, Sexton's Quaiitati''i- Ani-dijum and similar worka 
The constituents thus found will regulate the method for con- 
dncting a (juantitative anaiysia. 

The following is an outline of a scheme suitable for the 
great majority of ochres : — 

1. Water. — Thia b usually present in two forms, as will 
be Been from a consideration of the analyses of ochres given 
Above ; hygroscopic water and water of hydration or com- 
bination. To tletermine the amount>j of these weigh a small 
porcelain crucible and place in it 2 grammes of the sample of 
ochre.which has been previously very linely powdered, and apply 
heat for altout half an hour on a sand bath over the Bunsen 
burner ; then allow the crucible and its contents to cool (best 
in a deHsicator), and weigh. The loss of weight is that of the 
hyfjroiTopif. water. Next take the ci'ucible and place it on a 
pipe tube triangle over a Bunsen burner ami heat strongly to 
a bright red heat for half an hour, then allow the crucible to 
cool and re-weigh. This second loss of weight gives the 
amount of walfr of iDj-lniiuni. An actual example will 
show this : — 

Weight of crucible and ochre .... 8-260 
Weight of crucible 7'260 



Weight of crucible and ochre before drying 
Weight of crucible and ochre after drying 



iss of weight -013 

Per cent, of hygroscopic water, 0*013 x 100 = 1-3. 



Weight of crucible and ochre before heating . 8'247 

Weight of crucible and ochre after healing . 8-210 

■037 

Per cent, of water of hydration = 3*7. 

% hisoluhlc Matter. — A fresh portion (1 to 2 grammes) 
of the ochre is weighed out into a beaker and heated strongly 
with hydrochloric acid, uutil the insoluble portion appears to 
be white and free from iron. Then filter this off and wash 
the residue on the filter with hot water, adding the washinga 
to the filtrate and collectinj^ them all. The filter and its 
txmtentM are dried, burnt in a weighed porcelain crucible, 
allowed to cool and then weighed. This gives the weight 
of the ivfiliibh- reslrlue. This residue will proliably consist 
of silica, barium sulphate ur other insoluble sul»tances. It 
i-s not neeilful generally to make a further analysis of it. By 
boiling with a strong solution of sodium carbonate the silica 
may be separated from the barium sulphate. An ochre 
examined by the author gave the following figures : — 

Weight of crucible and insoluble residue . S-OBl 
Weight of crucible 7-260 

Weight of insoluble residue .... -801 
Less weight of filter paper ash . . -0024 

Weight of insoluble residue .... -7986 
•7986 X 100 = 79-86 per cent, of insoluble matter, 
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3. Iron. — ^To the filtrate from the insoluble matter add 
ammonia in slight excess and filter ofi* the precipitate of the 
hydroxides of iron and alumina obtained ; wash this pre- 
cipitate and retain the filtrate and washings. Dissolve the 
precipitate in hydrochloric acid and add an excess of caustic 
soda solution to the solution and boil for a short time. Filter 
and well wash the precipitate, adding the first washings to the 
main body of the filtrate ; then dry, bum the precipitate in a 
weighed crucible and weigh it. This gives the weight of iron 
oxide in the ochre. An example is given in the following 
tiinires : — 

(rrammes. 

Weight of crucible and iron oxide . . . 7*375 
Weight of crucible 7*260 

•115 
Less filter ash -0047 

Weight of iron oxide -1103 

0-1103 X 100 = 11*03 per cent, of iron oxide in the ochre. 

4. Alumina, — To the filtrate from the precipitate formed 
by caustic soda, add sufficient hydrochloric acid to neutralise 
the alkali and then sufficient ammonia to precipitate the 
alumina ; this precipitate is filtered, washed, dried, burnt 
and weighed. The following figures are given as an ex- 
ample : — 

(Traniines. 

Weight of crucible and alumina . . . 7*320 
Weight of crucible 7*260 



•060 
Less weight of filter ash -0094 



•0506 
0*0606 X 100 = 5*06 per cent, of alumina in ochre. 
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5. Oalciurit. — To the filtrate from the Hmiuonia precipitate 
of iroD and alumina adfl a little Hmmoiiium oxalate. This 
will, if calcium be present, throw down a white precipitate 
of calcium oxalate, which is coUecteJ, washed, dried, burnt 
and weighed, the residue in the crucible being calcium car- 
bonate. Multiplying the weight of this residue by 056 ^vcs 
the weight of calcium avitie equal to it 

For other constituents that may occaaionally be present 
in ochres the analyst is referred to works on QuantUatire 
Ckmnicfd Analysis, such as that of Praf. Humboldt Sexton. 

For further infurmation respecting ochrea reference may 
be ma<le to the author's Maniud uf Painters' Colours. 

OILS.— A classof important IxnlicB derived from the animal. 
vegetable and mineral kingdoms. Oils as a elans are non- 
volatile, liquid bo>lie8, lighter than water, and viscid in nature, 
not volatile ; they im])art a gi-easy ami permanent stain to paper, 
and are smooth and unctuous to the feel. Oils are divided 
into two ip-eat divirtionR. the fatty oils and the hydrocarbon 
oils. The fatty oils are derived solely from the animal and 
vegetable kingdoms, every animal and every plant- yielding 
more or less oil. Many of them, as tallow, palm oil, olive oil, 
lard, whale oil, are valuable commercial products. The hydro- 
carbon oils are derived from certain kinds of shale (from 
which cii'cumstauce has arisen their name of mineral oils) 
anil fi-oni peti-oleums. products which are found in lai^e 
'luantitics in various portion.s of the globe. 

llie characteristics of the fatty oils have already been 
noteil under Ifn/inij Oih. The hyiiroearbon oils are almost 
entirely employed for lubricating machinery and for Illu- 
minating purposes. Tliey have few, if any, applications 
ill painting. Sometimes proilucts derived from shale and 
petroleum are utted in paint and vamLsh making. These 
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will bt; found ileBcribeii under Bensoline and Shale Naphtha. 
The hyilrocarboD oils are sometimes found iu linseed oils as 
udulterante. Their principal characteristic is that cauntic 
so<la or caustic potash has no action on them, and hence they 
are oft«n called wii»aponifiabl<' oiU to distinguish them from 
the fatty animal and vejfetable oils which an: sujuiDltied by 
either caustic soila or caustic potash. 

OLEFIN ES form a group of hydrocarbon compounds in 
which the carbon and hydrogen are present in the ratio of 
one of carbon to two of hydrogen, and the general formula 
for which is CnHgn. The series is a large one, comprising 
some sixteen to twenty members, and extending from ethene 
or ethelene. CH, (the lowest of the series), to hesdecene, 
CiiiHjj, and a few others. They are of importance as forming 
the chief portion of the lubricating oils obtained from Scotch 
shale and American peti-oleum. The olefines are characterised 
1 <y the following properties ; They are nnattacked by alkalies. 
^Vcids have but little action on them. Long-continued digestion 
«ith sti-ong sulphuric acid converts them into sulphuric acid 
compounils of the paiaffin series of hydrocarbon h. They 
combine "with bromine and iodine to form additive com- 
pounds. They have no direct affinity for oxygen, and do 
readily form oxygen compounds. 

ORANGE LAKE Orange lakes aru cliieHy made from 

B.'^oul tar colouring matters. No simple orange lake from a 
ftjiatwal dyestutf is known, but mixtures of lakes made from 
R«eochineat and Persian berries have been sold under the name 
Witt orange lake. 

ORANGE LEAD.— This pigment is made from white lead, 
I jnore especially from the scum which collects on the tops of 
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the tanks in which white lead is being washed. White lead, 
when heated in a furnace to which air has aceeas. loses carbonic 
acid and water, and takes up oxygen and thereby passes into 
orange lead, as shown in the following equation : — 

aPbCOj, PbH^Oj + = Fb.fi, + B..fi + 2C0,. 
Orange lead has a bright scarlet red colour, and Lb rather 
heavy, its specific gravity being 6iJ5. It is an oxide of lead 
having the composition corresponding to the formula Pb^O^, 
in which respect it is identical with red lead. As a pigment 
it is largely used. It mixes very well with linseed oil. taking 
from 8 to 9 per cent, thereof to grind into a stiff paste. It 
exerts a powerful drying action on the oil ; hence paint made 
from orange lead dries very quickly. On account of this 
drying action orange lead is sometimes added to paint as a 
drier, where its colour is not objectionable. It has gooti 
colouring powers, body and covering power, and is capable of 
resisting all ordinary atmaspheric influences, although, like all 
lead pigments, it becomes discoloured when brought into 
contact with sulphur <»mpounds. 

Orange lead when heated becomes dark, but the scarlet 
colour returns on cooling. Heated with dilute acids, orange 
lead turns a dark brown colour, due to ite decompositioo 
into lead dioxide (which is insoluble in the dilute acidj, and 
into lead monoxide (which is di.ssolved by the aciti, forming 
the corresponding lead salt). Heated with strong nitric acid 
it is gradually dissolved, a colourle.ss solution of lead nitrate 
Ijeiiig obtained. Heated with strong hydrochloric acid, 
chlorine is evolved and lead chloride formed. Sulphuric acid 
converts it into lead sulphate, oxygen being evolved. The 
presence of adulterants is detected by the presence of an 
insoluble residue on treatment with acids, and the formatiou 
of coloured solutions. The amount of lead in a sample of 
orange lead can be ascertained by dissolving two grammeH m 
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nitric acitl. addini; a little dilute sulphuric acid (to throw 
down the lead as sulphate), filteriug the sulphate otf, washirtj; 
well with water, theu diyini;, i^itinj; and weij^hiiii,' the lead 
sulphate. The weight of this multiplied by 0955 {fives the 
amount of oi-ange lead in the sample. 



ORR'S WHITE This white pigment, discovered and 

patented by Mr J. B. Orr in l>i74, contains zinc sulphide, 
ZqH, together with zinc oxide, ZnO, and barium sulphate, 
BaSOj. 8ince its introduction it has come largely into use 
oil account of its many excellent qualities. Other inventoiv 
have pateuted similar pigment*! (Griffiths, Knight), but practi- 
cally all the white pigments of this class are now made on the 
tenn« of Orr's patent. The process of manufacture consists 
ill lirst preparing barium sulphide by heating the natural 
barytes with charcoal in a suitable furnace, the calcined mass 
being then lixiviated with water to dissolve out the barium 
sulpliide from unchanged barytes and charcoal. On adding 
thitt solution to one of zinc sulphate, a combined precipitate of 
Isiue sulphide and barium sulphate is obtained, then by cart- 
ftifiilly drying and heating this precipitate in a furnace .lome of 
e zinc sulphide is converted into zinc ox.ide. 
Pigments so prepared are sold under the names of Orr's 
^White, Charlton white, Lithophone, Griffiths' white, etc. 
ffhen well made they are pigments which, in their good 
^bite colour, excellent body and covering powers, rival, if, 
fodeed, they do not surpa-ss, white lead. They mix well with 
I kinds of vehicles, are perfectly permanent when exjxwed, 
i light and air, and have the great advantage over white 
lead, in not turning black with sulphuretted hydrogen or 
sulphur compounds. They are greatly used in preparing 
enamel paints and varnishes. 

Orr's white and similar pit,'mtintH consist of barium sul- 
17 
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phate, zinc sulphide and zinc oxide. Tlie following nnalywA 
mode by the author will show the averaj^e composition : — 



Barium sulphate, BaSO. . 


69-91 


Zino sulphide, ZuS , 


14-70 


Zloc oiide, ZnO . . , 


13-33 


Water 


2-06 



It may be poiubeil out that the bariuTo .sulphate in this 
elass of pigments is not present in its natui-al form of baryt«8, 
which, as is well known to painters, is somewhat delicieiit in 
body and covering' power, hut in the form of precipitated 
barium aulphatu, which in of a fine white colour, and has 
good body and coveriuj^ powers. 

Ore's white and similar piffmeuts may Iw dis tiny tit shod by 
the fact that they give off sulphuretted hydrogen when 
treated with an acid. Fiu'ther, when the acid .solution is 
filtered from the insoluble barium sulphate, and treated suc- 
cessively with ammonia and ammonium sulphide, a white 
precipitate of zinc sulphi<le is obtained. 

Orr's white, Lithophone, Griffiths' white, and .similar 
white pigments, are liable to vary .somewhat as reganis their 
degree of whiteness, coverinrf power, body, etc. They should 
be assayed for these according to the methods described and«r 
the heading Testin;) Piifnents. 

It is rarely that a chemical analyais is required, but wh«u 
that is the ease the followinsj scheme may be employed : — 

For Barium Sulphate. — Weigh out 2 grammeH of the 
sample, stir it in a little water, add strong hydrochloric afiid 
and heat gently ; when all action has cea.sed, the mixture in 
diluted with water, the insoluble barium sulphate filtered olf, ] 
washed with a little water, the washings being added to the 
filtrate, then dried, ignited and weighed. 

For Zim:. — Take the filtrate from the liarlum sulphate ami 
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Ailii, iu slight excas^, ammouia eiikI amiuouium sulphiiie; allow 
the mixtiU'e to stand over tiight to ensure complete precipita- 
tion of the zinc; then filter, wash well, diy. burn and weigh 
ill the usual manner. The residue in the crucible will be 
zinc oxide. 

For Zinc Sulphide-. — ^ Weigh out 2 grammes of the white 
&a\ heat tbeia in a mixture of oue part of hydrochloric acid 
with one part of nitric acid ; this converts all the zinc suiphida 
into zinc sulphate. The insoluble portion is filtered ott' as 
before, and barium chloride, added to the filtrate, whereby a 
white precipitate of barium sulphate is formed : this is col- 
lected on a filter, washed, dried and burned. The weight of 
zinc sulphide corresponding to this barium sulphate can be 
calculated by multiplying it by O-IIG. and the correspomiing 
ijiianlity of zinc oside by multiplying by 0-34i8 ; if this 
'|Uantity be deducted from the total zinc oxide first found, 
the difference gives the ijuantity present in the sample as zinc 
oxide. 

OXIDE REDS. — A group of red pigments which owe their 
colour to ferric oxide. They are known by a, variety of names, 
Indian red. Venetian red, light red, Turkey red, oxide red, 
scarlet red, rouge, colcothar, eta In some cases they consist 
of ferric oxide only, when as a rule they have a deep red 
ilour aud pa^eaa strong colouring and covering powers and 
idy. In other cases the ferric oxide is mixed with other 
constituents, calcium sulphate, barium sulphate, .silicate of 
alumina, etc., depending upon the sources of the raw material 
of which the red is made and on the process of manufacture. 
Some of these have been already described ; others will be 
found in their proper places. Oxide reds are noted for their 
permanence and durability. The term oxide reds is often 
applied to thosL' which are prepared artificially, usually by 






precipitfttion of irou solution 
of calcium. 



OZOKERIT. 

They often eontaiti sulphate 



OZOKERIT. — Thia substance is a waxy material found 
natiiTiilly in many places. The great bulk of the ozokerit of 
commerce comes from Boroslav in Silesia, where it is mined. 
The crude material is boiled with water, when the wax coUecta 
at the top and the earthy impurities fall to the bottom. The 
wax in then run into moulds ami ia cast into blocka. Crude 
ozokerit is a black waxy material, melting at about 140* to 
150" F, It is rarely used iu tliat form, but undergoes a pro- 
cess of puritication. Two processes are employed iu purifying 
ozokerit. In one the ci'ude ozokerit is put into stills and 
distilled with the aid of Bre and superheated steam, two or 
three products beini; obtained: (1) a soft buttery material ; 
(2) a hurd waxy material, the refined ozokerit of commerce, 
which can be bleached to a. good white colour : and (3) a 
black pitchy residue, which is employed as an insulator la 
electrical work. Another method of refining consists in treat- 
ing the crude ozokerit with strong sulphuric add, either with 
or without the addition of bichromate of potash- This d<s 
stroys the colour of the crude mass, and, after thoroughly 
washing with wat^r, yields ozokerit having a yellow colour 
(which is rather difficult to destroy) and a granular appearance. 
This variety is commonly known as crrtain . 

Ozokerit i-esembles paraffin wax in ib« composition ; in fact, 
it is a mixture of the higher meml>ei'8 of the paraffin seriee of 
hydrocarbons. It usually melts at 140" F. to a limpid fluiil. 
It \H unacted upon by acids and alkalies. It is combuntibUt, 
burning with a bright flame and forms an excellent candle 
material. 

Oresin is largely employed as a substitute for bevnwAX, 
which it closely resembles in appearance and propertie.s 
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PARAFFIN — This name was tirst ij;ivt:n to a white, .soliil 
waxy substance obtained by K«ichi;nbaeh from beechwocwl 
tar, 8incc then it ban been applied to a number of products 
obtained in the ilistillatioD of Scotch shale ; hence the term 
paraffins has been applied to a series of hydrocarbon com- 
pounds possessing the same general properties an the original 
paratSn. At present whenever the term paratHn is employed 
by itself it is generally understood to refer to the solid wax, 
but it is rarely used by itself. 

PARAFFIN OIL,— This product is the second lightest body 
obtained in the refining oE the crude oil ilistilled from Scotch 
shale. It is a light limpid Hijuid of a water-white colour, 
having a specific gravity of 0"810 to 0S20, It evaporates 
slightly when exposeil to the air. It is inHaramable, burning 
with a luminous Bame, anil hence is chieJiy used for illumi- 
nating piu-poses. The llashing point of piiraffin oil ranges 
from 105" F. to 150° F., when testt'd in the Abel appamtus. 
fire tost ranges from 120" F. to 170° F. Paraffin oil is a 
lixture of several mem)>ers of the [>araffin and olefiue serii^ 
of hydrocarbons, and of course paitakes of the properties of 
those compounds. It is used occasionally in the prepai'ation 
of boiled oil substitutes. 
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PARAFFIN SHALE.— This is the raw material used in 
tfie manufacture of paraffin oil, wax, etc It Is found in the 
south-west of Scotlan'l, in the district Ijetween (Jlasgow and 
Edinburgh, and at several places is mined in the same manner 

Sooal. The shale is placed in large upright retorts and 
nlled, the products being an uncondensable gas, which is 
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naed for fuel and illuminating : water containing ammonia, 
uaetl in making Bnlphate of ammonia ; and a thick tarry oil 
which is known as " crude oil ", This latter substanct is 
subjected to repeate<i distillations and treatment with sulphtirie 
acid ami soda, by which it is refined into several products 
naphtha, used in making paints and varnishes (see ShaU 
Naphtha) ; paraffin oil, used for burning in lamps ; lubri- 
cating nihil and paraffin wax. 

PARAFFIN WAX.-^This valuable product is procured 
from the crude oil obtained in the distillation of paraffin 
shale. The crude oil is distilled. The lighter portions (yield- 
ing the naphtha and burning oils) are separated and the 
heavier portion.s (containing the solid paraffin) are cooled 
with the aid of refrigerating machines. The solid paraffin 
crystallises out and is separated from those by means of filter 
presses. It is then subjected to purification, by meana of 
which grades of wax are obtained, the melting points of which 
range from 108° F. to 135° F. Paraffin was ia also obtainitd 
by a similar process from the heavier portions of AmericAO 
petroleum. 

Paraffin wax is a white or yellowish waxy-looking aolid, 
varying in consistency and in the temperature at which it 
melts. In commerce the melting point regulates the quality. 
The usual grades are 108° F.. 110° F., 120° F., 125° F., and 
130° F. The wax melting at 108° is soft, but the others are 
much harder and emit a somewhat metallic ring when struck. 
When heated paraffin wax melts to a thin, limpid liquid, and 
expands considerably. It is unacted on by acids, even Eitronff 
ones, at the ordinary temperatures, hut at higher temperatiirM 
strong nitric aeiil and strong sulphuric acid have some action. 
Alkalies, whether in weak or strong solution, have no action. 
These properties give to paraffin wax an imi>ortaace not 
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pONBesseil by other sulBtaiices. It is used for a variety of 
purposes, such as candle makinjf (for which it is the chief 
|.Bab«tBnce now usedj, electrical wofk, etc. 

PARAFFINS.— Those form a group of hydrocarbons de- 
riving their importance on account of their being present in 
American petroleum and Scotch paraffin oiis. They are 
compountls of carbon and hydrogen, containing tbe two ele- 
' ments in the ratio, C„H.,n + 2. There is a very complete 
flerien of over twenty members, ranging from methane or 
marsh gas, CH^, to the solid paraffin wasea, whose exact com- 
rpoflition is not known with certainty, but which probably 
ilkpFTOxiinates to the formula, C„„H,.,. The lower members 
•of the series are gaseous ; then, aw the complesity of the 
'jDolecule becomes greater, they are liiniids varying in specific 
Igravity and boiling point. While the highest membera are 
iiBolid boiliea and constitute the paraffin waxes, the lighter 
"tiqui^l members form the great proportion of the shale and 
'ipetroienm naphthas and benzoliues. The next heavier mem- 
bera, the petroleum and paraffin burning oils (although the 
heaviest of the liquids) are found in the lubricating oils 
obtained from the two sourcew just named. 

The paraffins are characterised by the following general 
properties: They are unacted upon by acids and alkalies at 
le ordinary temperature. Nitric acid when heated with 
■^em oxidises them to a small extent. Chlorine actH slowly, 
L^roduciug substitution products, while ioiline and bromine 
rjuve a very feeble action. From the products thus formed 
'i» series of bodies, known as alcohols, can be prepared by 
the action of alkalies, and these alcohols, by treatment with 
:oxidiNing agents, can be transformed into acids belonging to 
the acetic series of fatty acids. 

The coasideration of the chemical relation.H of the paraffins 
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beloQgH to a book on iJrganic Cfiemintr;/, to which the reader 
may be refern-d A full account will also be found in Mr. 
Bovertiji) Redwood's Treatise on Pftrohtiin, 

PARIS BLUE.— Ultramarine, Prussian blue and auilitie 
blue, are sold unrler this name. See fritssian Bluf, IRtra- 



PARIS GREEN, the American uame for Emeralfi j;reen. 



PARIS WHITE, the uame usually as>^i;^ied to the best 
([Ualitif.s of whiting. See Whiiiiuj. 

PATENT DRIERS This uame hiis been applied to com- 
mercial preparations sold iu the form of a paate for the 
purpoBe of ui^iiig as a drier for paints and vamishea. The 
following is an example : 15 lb. of drietl zinc sulphate, 4 lb. of 
lead acetate, 7 lb. of litharge ground with 8 lb. of boileii oil ; 
to this mixture is added 100 lb. of Pariy white, 50 lb. of white 
lead, and sufficient boiled oil to make the whole into a stiff 
paste. In some patent diiers the zinc sulphate is t-epiaced 
by dried ferrous sulphate with advantage. 

PATENT YELLOW. —This pigment, also known as 
Turner's yell(Tw, is a basic oxychloride of lead, prepared by 
digesting nalt, litharge and water, for some days, and iheii 
calcining the mixture. It is now made in small (|uantitiea 
only, having been' replaced by the chrome yellows. 

PATTINSON'S WHITE LEAD has gone out of use. It was 
essentially n basic chloride uf leail, prepared by i.rcating 
chluriilf of leinl with lime. 

PERSIAN RED.— Under this name have Ijeen ho\,\ bright 
reds ma<lu from oxide of iron, as also the basic chromatid of 
ieail. See iJrrbjj Rp<l and Antinwtuj Vnrmilivn. 
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PPETROLEUM is an oily liquid, found naturally in la 
Biatities in North America, the Caucasus, Burmah, ; 
other localities. It varies considerably in quality. From a ] 
pale light oil to a thick tarry mass. It is beyond th-; scope of J 
the present work to enter into details, for which reference J 
should he made to Mr. Boverton Redwood's Treatlsi- on I 
Petrnleum. The crude petroleum is refined by a process of 
fractional distillation, and by treatment with sulphuric acid 
and caustic soda into a variety of valuable products, the 
nature of which depends upon the chai-acter of the crudB 
petroleilm. From North American petroleum is obtained j 
gasoline, which is a very light liquid of about OGfiO specific J 
gravity, used cliiefiy for carburetting air and illuminating ] 
gas ; henzoline, which has a specific gi-avity of from 0-730 to \ 
0-760, employed as a solvent in making paints and varnishes; 
ktrusfin'. or hurniuj; oil, made in various grades, having a I 
specific gravity ranging from 0~!)2 to 0H15 : lubricating I 
oils, i-anging from 0*86.5 to 0-!Ho ; cylinder labrirating 1 
oils, of a very viscid nature, and in some cases of a blackish- 
brown colour ; vnsdine, a soft, buttery mass, of great use in J 
medicine: and paraj^iii ivax. Rus-sian petroleum oi! yields I 
naphtha in small quantity, burning oils of various gi-ai 
and lubricating oils; but no wax, vaseline, or cylinder oils. J 
The petroleum products, met with in commerce in this, J 
country are mostly from North American and Russian 
crude petroleums ; those from other localities are rarelj- met 
witli. 

Petroleum is a complex mixture of various hydrocarbon 
compounds, eliieUy belonging to the series of parafiiits and 
oletiues, of which nearly the whole aeries have been found in 
American petroleum and in other petroleums. The Caucaisiau 
petroleum diHere from the American in yielding naphthenes, 
not parafiius and oletinea. In its general properties, therefore,^ 
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it partakes oF the properties of the; 
already been detailed. See Olefin^ 



i hydrocarbons which have 

s, Paraffins. 



PETROLEUM NAPHTHA or PETROLEUM SPIRIT.— This 
product is a limpid, water-white liquid (having a specific 
gravity raiifjing from 0730 to 0'760), obtained in tlie re- 
fining of crude American petroleum. It is also known as 
benzoline. See Benzoline, and Translation of Neuburger and 
Noalhat's Teehnoiogy of Fetrolewn. 

PHOSPHATE OF SODA— See Sodium phosphate. 

PIPE CLAY, — A white clay having a composition similar 
to china clay ; very soft and greasy to the touch, and very 
tenacious. It is largely used in uiaking tobacco pipes ; henoe 
its name of pipe clay. 

PLASTER OF PARIS.— This sul»stance is the anhy<irou8 
calcium sulphate, ()aS(J,. It is prepareti by jjrindiog and 
heatint; natural gypsum in a furnace, so as to ilrive oH' ila 
water of crystallisation. The material is then ready for use. 
The various qualities pre.sented by plaster of Paris are dii» 
to differences in the degree of grinding, care in calcining and 
in sieving. Plaster of Paris owes its value to the property 
it poKsesses of absorbing water and passing into the hydrated 
condition, in doing which it sets intoa hard mass. This settio^ 
takes place tinickly, but a sufficient time elapses between 
mixing it with the water and setting to permit the mass t«> 
be run into moulds or used for coating aurface«, so that it may 
ba made into ornaments of varioiu kinds, or it may be used 
as a cement. Piaster of Paris should be kept in a dry place, 
as it readily absorbo moisture and so loses its property of 
Betting. When plaster of Paris has l>een used ito property 
of setting may be recovered by re-heating it. hut getwraUy 
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such re-heatM plaster is not equal to the iiriginal in i[uality. 
Precipitatefl calcium sulphate does not set in the same way as 
plaster of Pai-is. 

For the chemical properties of plaster see Gyjiaum,. 

POPPY SEED OIL.— This oil is obtained from the seeds 
of the l»oppy plant (Papav^r somniferum), either by pressure, 
or by means of solvents. It is a very gootl drying oil, 
equalling liuaeeii oil in this respect. It is, however, not 
much used, being more costly than linseed. Artists are the 
only persons who make much use of it. Poppy oil is usually 
of a pale straw colour, very limpid, has little or no odour, 
^rhen fresh, and a pleasant taste. The specific gravity ranges 
from 0!*24 trt 0-927. It riimains fluid at low temperatures, 
the solidifying point being - 18° C. It is soluble in about 
twenty-five times its volume of cold alcohol, and in four times 

■olume of boiling alcohol. Strong sulphuric acid mixed 
L with the oil causfs a considerable rise, 88° to 90" C, in tempera- 
It takes about 19 per cent, of caustic potash to saponify 

It absorbB 134 to 137 per cent, of iodine. 

POTASSIUM is one of the alkali metals ; its symbol is K, 

Ifrom the Latin kalium, and its atomic weight 39. The 

i potassium salts are very uneful compounds, many of them fttie 

I'Carbonate, nitrate, chlorate, bichromate, ferrocyanide, etc.) 

jeiog used in large quantitieu in many industrial operations. 

I'Potassium is a silver-white metal, and very soft, being easily 

Peut with a knife ; on exposure to the air it rapidly oxidises, 

fDwing to the great affinity it has for oxygen. Thrown into 

water, it decomposes that body with so much energy that 

the hydrogen which is evolved takes fire. The pota-ssiiun 

salts are characterised by their solubility in water ; none 

We insoluble, the least soluble being the platino-chloride 






268 POTASSIUM BICHHOMATB-POTASSIUM FEBROCYaNIPE. 

and the aeid tartrate. Only those corapoiunJa of putassinin 
which art! employei.l in the colour ti-aileH will be iiolicetl in 
this book, 

POTASSIUM BICHROMATE It In coiamoEily known as 

biehrouiL-. See BirliromaU- »{' Futo^li. 

POTASSIUM FERRICYANIDE This compound eoutains 

the four elements, putiiMHiuai, iron, carbou aud iiiti"ogeii. iii 
the proportions indicated by the formula K^FeCnN,,. The 
last three elements are very intimately united together to 
form an acid radicle. This substance is obtained by the 
action of chlorine on potassium t'errocyauide (see Potassimii 
Feri-iifijaiudK), and occurs in large ruby-red crystals which 
are soluble in water. The wjlution in water shoulil not give 
any blue colouration, or precipitate with ferric ehloriiie ; such 
wouhl indicate admixture with potassium t'errocyauide. It is 
readily soluble in water, i-e(|uirinjr about four times it» weight 
for solution which lias a g;reenish colour. Potassium ferri- 
cyanide ^ivcs with ferrous salts a deep blue precipitate of 
TarnbuU's blue. It is occasionally employed in the prepara- 
tion of certain shades of Prussian blues. It is used in calico 
printing and dyeing. 

POTASSIUM FERROCYANIDE, more generally known 
as j'ellow prussiate of potash, is prepare-l by heatiu<j a mix- 
ture of animal organic matter with potash in ii-on vessels, 
lixiviating the calcined mass and crystaltisiog the prussiate 
from the liquors thus obtained. Potassium ferrocyanide I'oniw 
large transparent yellow ciystals. having the compo.'^ition cor- 
re«pouding to the formula, KjFeCuN„3H^(J. The crystals 
dissolve in four times their weight of cold aud twice tiieir 
weight of hot water ; but are insoluble in alcohol. Whan 
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gently heatwl it loses its water of cryHtalli'iation ; if strongly 
heated a variety of products are obtained, such as potassitim 
cyani'le, potaasium cyanate, iron carbide, etc, accorJintj ay air 
i." or 18 not excluded. When heated with dilute sulphuric 
aci'l it yields hydrocyanic acid ; if heated with strong' sul- 
phuric acid it is completely decomposed, carbonic oxide being 
evolved. 

A solution of potassiiira ferrocyanlde {fives with ferrous 
salt** a bhiish-white precipitate; with ferric sal te a deep blue 
precipitate of Prussian blue. The precipitate with ferrous 
salts is uot a stable one, as on exposure to the air it p-adualiy 
turns a deep blue owinj; to the formation of Prussian blue. 
The same change of colour also occurs when the precipitate 
is treated with chlorine, nitric acid or other oxidisinff agents. 
With solutions of copper a brown pi-ecipitate of copjrer ferro- 
cvanide is obtained ; with lead a white precipitate of lead 
ferrocyanide. 

Potassium feri-ocyanide is hirgely used for the preparation 
of Prussian blue, in dyeing and calico printing, and in iron 
working. 



POTASSIUM HYDROXIDE The chemical name for caustic 

(t&sh. having the formula, KOH. See Caastic IMiish. 



■ POTASSIUM NITRATE This compound is found natu- 

^nnlly in ^inali ij nan titles. It is prepare<l on a large scale for 
the purpose of making gunpowder, nitric acid, and for other 
purposes. It is a white, crystalline salt with a pleasant saline 
taste, very solulile iji water. When heated, it parts with notna 
of its oxygen, passing into the nitrite of potash. When heated 
with carbonaceous bodies it loses all its oxygen with gi-eat 
avidity, the mixture bui-ning, with the evolution of consider- 
Mble heal, and fume, It is upon this propertj- that the use of 
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potatwiam nitrate for making gunpowder and pyrotechtiical 
mixtures ie based. It is employed as an oxidising aj^nt in 
some chemical opemtiona. Its chemical t'ormnla is KNO.j. 

POTTER'S LEAD ORE Is galena, the natural sulphide of 
lead, having the formula PbS, and occurring in grejnsh lustrous 
masaes. It ia employed in the pottery trades for the produc- 
tion of glazes. Galena is found in highly lustrous masses of a 
crystalline tendency, which readily break up into cubical pieces. 
It contains 134 per cent of sulphur and 86'6 per cent, of lead. 
It ia heavy, the specific gravity ranging from 7"25 to 7"7, 
When heated in a closed tube, it gives off sulphm- ; when 
strongly heated in a current of air, part is converted into lead 
sulphate, part into oxide, while Home of the sulphur e.wcapes aa 
sulphur dioxide. When heated with carbon or carbonaceous 
matter it is reduced to the metallic condition. Fuseii with 
silicates it forms an easily fusible lead .silicate, on which 
property its use in pottery making is based. 

PRUSSIAN BLACK When Prussian blue is heated in 

a closed vessel, it leaves the black residue formerly sold under 
tlie name of Prussian black. It is essentially a mixture of 
carbon and ferric oxide. It is not now made. 

PRUSSIAN BLUE This is one of the most valuable blues 

known. It is prepared by precipitating solutions of iron salts 
by means of solutions of potassium ferrocyanide (yellow prus- 
siate of potash) or of potassium ferricyanide (red prussiate 
of potash). It is essentially a compound of iron, carlwu tuid 
nitrogen. The iron is, however, present in two couditiotui. 
In one it is as a base ; while in the other it is in intimate 
union with the carbon and nitrogen to form an acid radicle 
known as ferrocyanogen or ferricyanogea The exact chemical 
composition of Prussian blue vari&s slightly with the materials 
employed in its manufacture. In some cases it is forrie 
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ferricyanide, having the formula, FeFeC,-N,i ; and in others 
potassium feme ferrocyanide having the formula, K.,FeFeCBNg, 
for it is rather difficult to entirely remove alkali from the 
precipitate, especially when potassium ferrocyanide and fen-oos 
sulphate are employed in niakin^r it. 

There are many varieties of Prussian blue. The best ijuality 
is known as Chiiwae blue, and is remarkable for its bronzy 
appearance, its strength of colour and solubility in oxalic acid. 
The name of Prussian blae is given to a blue somewhat poorer 
in (juality than Chinese blue. Paris blue is a Pruswiau blue 
of a more violet tone than eitlier of the two above named. 
J^asle blice is, as its name indicates, in a paste form, contain- 
ing from 25 to 30 per cent, of actual colour and from 70 to 75 
per cent, of water. Soluble blue is a variety which is easily 
soluble in water, yielding a deep blue solution. Bninawlck 
blwe is a mixture of Prussian blue and barytes. Antwerp 
bhie has gone out of use. It is a light-shade blue prepared 
by precipitating mixtures of ferrous sulphate, alum anci zinc 
sulphate with potassium ferrocyanide. Sterol blae or J/itiB 
bliLf is a fine tint of Prussian blue resembling ultramarine. 
For a full description of the methoiis of making these the 
reader is referred to the Manual iif P'tinlers' Cfik'urs. 

Prussian blues have the following properties ; With the 
exception of the soluble blue they are insoluble in water, but 
^tiiey have so Kne a texture that thoy appear to be dissolved 
.when mixed with water. They are insoluble in acids, either 
strong or dilute. If boiled with strong aeiils they undergo 
decomposition, hydrocyanic acid being given oti'. When 
boiled with solutions of caustic soda, or of potash, or with 
ammonia, the blue is decomposed, a brown insoluble mass 
of ferric hydroxide being formed, while the solution contains 
ferrocyanide or ferricyanide of the alkali This reaction is 
characteristic of Prussian blues, no other pigment giving the 
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same ri'siilt. The alkaline solution on neutralisation witfa an 
acid will, on addition of ferrous sulphate, give a blue precipi 
tate of Pniesian blue. Wlieii heated in a crucible exposed to 
the air Prussian blue is decompoMed and a dark rod reRidu« 
(eonsiotiuft chiefly of oxide of iron mixed with carbon) U 
obtained. 

PniHsian blue mixi-s well with either oil or water and 
other vehicles, except such aa are of an alkaline natui-e. It 
cannot, therefore, be used with lime or silicate of soda, as tiiBSu 
turn it brown. It may be mixed with all other pigmenta 
without being chanjjed or pi-oducing any change ui thnn. It 
is a fairly permanent pigment when exposed to air and light. 
It possesses the curious property of fadinif somewhat when 
exposed to light, and of regaining it« original colour in the 
dark. Prussian blue is remarkable on account of its strong 
colouring powers. It is, however, somewhat ti-ansparenlv and 
therefore does not cover well, 

Prussian blues, on account of their difference in tint, 
colouring power, etc., should he assayed for those propertt»< 
in the usual way. It is rarely that a chemical analysis ia 
ref]uireil. If it is, the following hints will be found useful — 

Paste Blues.— It is often desiiable to test these for the 
prop<}nion of actual colour. This can be done by weighing 
2 grammes into a porcelain basin and heating this in the air 
liath to a. temperature not exceeding 105° C until it ceases lo 
lose weight between two successive re-weighings of the sample. 

Ti> eHtimate the amo^ant of actual /Vussn/vt bfu^ in 
any aamiih <•/ hlu< pufments containintj it : Weigh ool 
2 grammes, boil with a weak solution of caustic soda mitil 
the pigment is thoroughly decomposed ; then filter and waah 
well ; next treat the resi<lue with hydrochloric add until iW 
residue in completely disaolveil (which will happen if the blue 
in pure) or a white i-esidue is left. To the hydrochloric add 



PRUSSIAN BROWN -PKt:.SSI ATE BLACK. '2^:^ 

solution add ainmotiia in slight excess to re-precipitate the 
iron; filter otf this precipitate, wash it with water, dry it, 
bum it in a weighed crucible, and weigh the residue of ferric 
oxide which is obtained. By multiplying tliia weight by 
2212 the weight of the PriisHian blue in the sample may be 
aHcertaineil. The filtrate from the caustic sotla solution will 
contain any alumina or zinc which may have been mixed 
with the blue. The presence of these may be awceiiained by 
neutralising the solution with hydrochloric acid, then adding, 
tirst, ammouia (which will throw down a white precipitate of 
alumina, if present) ; then ammonium sulphide (when a white 
precipitate of zinc sulphide will be obtained, if that meta 
be present). In the ease of Brunswick blues which contain 
barytes or gypsum, such will be left as an insoluble white 
residue on ti-eatraent with hydrochloric acid, after decomposing 
the pigment with caustic soda. 

PRUSSIAN BROWN.— This name has been given to the- 
brown pigment ohtiiined by heating Prussian blue at a com~ 
parfttively low ti'mpeiaturL-. It is obsolete. 

PRUSSIAN GREEN is a mixture of Prussian blue with 
either chi'ome yell<iw or gamboge. 

PRUSSIATE BLACK is the blaek residue obtained in the 

I manufacture of prus-siates of potash. After being washed 
with water the partially dried black is chiefly employed for 
decolourising paratBn wax, sugar, etc. It is rarely, if ever, 
employed as a pigment. 
The following are some analyses of prussiate black or, as it 
is aonietimes called, prussiate char, matle by the writer : — 
Por Cont. Par Cent 
Water 22-12 17-10 
Mineral matter .... 37-88 48-24 
Carbon and volatile matter , 40-00 34-liti 
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The ash contained : — 

t'»r C^at Per Cent. 

Soluble alkaline salts . . 10-82 20-00 

Phosphoric acid ... '58 -81 

Silica 5-75 5-56 

Calcium carbonate, etc. . . 20-73 21-87 

PRUSSIATES OF POTASH There are two prussiates of 

potash. The eomioonest Ih the yellow pruHsiate or potassium 
feiTocyanide (see Potassium Ferrocyavide). Tlie red prussiat* 
is potasaium ferricyanide (see Potassium Ferricyanide). Thefle 
salts ai-e larfrely employed in the manufacture of PrusHian 
blues, Bi-unswick greens and other pigments, in dyeing and 
ealicfi printing, etc. 

PUMICE. — Pumice, as is well known, is of volcanic origin, 
being a trachytic lava which Itas l»eeu remlered light by the 
escape of gases when in a molten Mtate. It is foond on most 
of the shores of the Tyrrhenian Sea and elsewhere, but is at 
present almost exclusively obtained from the little island of 
Lipari. Most of the volcanoes of Lipari have ejecteil pumi- 
ceous rocks, but the best stone is all the product of one 
mountain. Monte Chirica, nearly 2,000 feet in height, «-ith 
its two accessory craters. The district in which the pumice is 
^excavated covers an area of three square mile^. It has been 
calculated that about 1,000 hands are engaged in this industry', 
600 of whom are employed in extracting the mineral. Pumice 
is brought to the surface in large blocks or in l)askets. and is 
carried thus either to the neighbouring village or to the sea- 
shore, to be taken there in Tjoats. The supply is said to be 
practically i nexliaustible. Pumice is used not merely for 
scoui-ing and cleansing purposes, but also for jwlishing in 
numerous trade.s, hence the fact that the powdered pumicv 
exported exceeds in weight the block pumice. 
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In chemical composition pumice is a double silicate of 
alumina and potash, resembling the felspars. The following 
is an analysis :— ^ 









Per Cent 


Silica, SiO^ 46-58 


Alumina, AI2O3 . 






20-00 


Ferric oxide, "Fefi.^ . 






3-20 


Ferrous oxide, FeO . 






5-69 


Manganese, MnO.> 






1-07 


Calcium oxide, CaO . 






9-09 


Magnesium oxide, Mgo 






3-16 


Potash, K.fi 






7-35 


Soda, Na.,0 






2-74 



There is sometimes present other elements, such as titanium, 
l)oron, uranium, etc. 

The specific gravity of pumice stone powder is about 2*2, 
but in consequence of the porous character of the masses, 
these will float on water for some time before they get so 
water- logged as to sink, the porous character being produced 
by gases blowing into the mass of pumice when in a molten 
condition. 

Pumice is largely used in the painting and decorating 
trades for rubbing down old painted work preparatory to 
repainting, and in rubbing down between one coat and another 
in coach painting. It is also occasionally used for making 
what are known as wood fillers. 



PURPLE OXIDE. — This is an oxide of iron pigment pre- 
pare<l by strongly heating ferrous sulphate or other iron 
compound. In its properties it resembles the oxide reds. 
Purple oxide is made in two or three shades, distinguished 
as light, medium or dark. 
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PURPLE OF CASSIUS.— This in the dark purple or violet 
procipitate of mctiilHc {jold whicli is obtained wheu tin cryntttls 
are ad(le(i to a solution of gold in ai]ua regia. Precipitated 
gold is used in the pottery and glass trades for gilding. It is 
usually prepared by precipitating gold chloride by ferrous 
sulphate or oxalic acid. The gold may also be precipitateil 
by metallic tin. See Gold Liquid. 



QUARTZ. — ^The name given to the crystalline variety of 
siUca. It is found in many forms, .sometimes in clear trans- 
parent six-sided prisms with pyramidal ends ; at others 
crystalline in structure, but opaijue in appearance. It is oue 
of the constituents of granite, and the essential constituent 
of sands and santbtones. It is very haiil, being capable of 
scratching glass, ranking next to the diamond in this respect 
Its specific gravity i^ about 15. It is quite insoluble in all 
acids except hydrofluoric acid, is unattacked by alkalies at the 
ordinary temperatuie, but, when heated with them, isgra<laally 
dissolved, an alkaline silicate being formed. It is infusiblii 
ftn<l is one of the most unchangeable of sulwtaiices. Quartz 
is the oxide of the metal silicon, and has the formula HiO,. 
It is acid in nature and enters into combination with metals 
to form silicates, those of the alkah metals being soluble in 
water, all others being insoluble. Some are soluble in acids, 
others are not so. A great many silicates are found naturally 
and having a great affinity for one another ; a large pi-oportion 
are double silicates, such as felspar, mica, eta, etc. Glaas, 
pottery and porcelain are silicates of alumina, calcium, lead, 
etc., prepared artiticially. 
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RAW SIP:NNA— RED LEAD. 



RAW SIENNA See fiienna. 

RAW UMBER. — This pigment is used in its natural state, 
or. it may >m. after purification by lixiviation. See Umbers. 

REALGAR. — An arHeiiic sulphiile, i'ormerly used as a pig- 
ment, but now obsolete. 

RED LAKE, — The name Hometiuit!** given to a lake prepared 
fi-om Brazil worn!, or similar red dyewood, by precipitation 
li alumina. It is very little uwed now. Set; Luki'n, 



RED LEAD is one of the oxides of lead having the eom- 
pasition indicated by the formula, Pb^O^. It is a combination 
of the mon- and dioxides of lead in the proportion indicated 
below : — 



Lead monoxide. PbO . 
Lead dioxide, PbO., 



i'er (J«iit. 
64-5 
35-5 



It is preparefi by first inflting lead and passing a. cuiTimt 

' of air over it whereby it is converted into the monoxide. This 

is then ground into fine powder and heated in a furnace in a 

I current of air, fi-om which it alJHorbs oxygen antl is converted 

I Into the red lead. 

Red lead is a very useful pigment. It mixew well with 
oil and exerts on the latter a sti'ong lirying action. A mixture 
of red lead and linseed oil on exposure to the air sets into a 
hard mass ; hence it is often used as a cement and in the 
packing of steam juints. It has fairly good covering and 
colouring powers. When used as a paint it is apt (on 
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account of its high specific gravity) to settle out in the paint 
can. When exposed to ordinary atmospheric influences it is 
fairly permanent, but iu presence of sulphur or sulphuroux 
gases it turns brownish. It may be mixed with all piginentH 
except those which contain sulphur (such as cadmium yellow, 
ultramarine). Red lead is largely employed in preparing 
boiled oil as a dryer. It, however, imparts a dark i-ed brown 
colour U) the oil. 

Bed lead is a heavy, bright red |X)wder, of an oi-ange hue, 
its specific gravity being about 8*3. When heated it timw 
brown, but the original colour comes back on cooling. Acids 
react with red lead. The Urst action is to dissolve out the 
monoxide, leaving the dioxide as a brown residue ; thus dilute 
nitric acid and acetic acid turn red lead brown. Boiled with 
nitric acid red lead slowly dis.solves, and on adding water a 
colourless solution of lead nitrate in obtained. Glacial acetic 
acid hIho dissolves red leail, forming lead acetate. Hydro- 
chloric acid decomposes red lead, with evolution of chlorine 
and formation of lead chloride, which separates out on cooling 
the solution, Sulphuric acid forms lead siilphat*. which is 
insoluble. 

Analysis of Red [,eiul. — Red leail should be completely 
soluble in either nitric or acetic acids. It must be lx)me in 
mind, however, that as the lead salts formed are not soluble 
in strong acid solutiouM, these must be dilute<I with water to 
render the lead soluble. Colourless solutions are obtained. 
Any yellow colour would indicate the presence of iron, pro- 
bably as red oxide. Any insoluble residue from the acids will 
be an adulterant. The solutions obtained should give a white 
precipitate with sulphuric acid, and on filtering this off little 
or no further precipitate should be obtained on adding in 
succession ammonia, ammonium sulphide, ami ammoniuin 
carlwnate. 
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RED OCHRE. — A natural oxide of iron red resemhiia^ 
ire in its compotiitioQ. It in found iu various places, but 
not of much importance. One sucli sample, found at 
eeton in Yorkshire, had the followinj; composition : — 



Ferric oxide, FboOj . 

Alumina, Al^O, 

Silica, 8iO,, 

Calcium carbonate. CaCO;, 

Calcium 8ulpba,le, CaSOj - 



9-60 
1-42 
9'28 
80-04 
■10 



■ 



RED OXIDE.— Under thifi inime pigmfiitN prepan 
in compounds are sold. Their composition varies so 
wrding to the method of r 

pure oxide of iron ; iu 
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nakinjj. In some cases they may 
others they contain sulphate of 
ilcium and other substances. It may be mentioned that 
ere is no standanl of chemical composition for these reds. 
leir value as pigments is entirely dependent upon their 
leness, opacity, brilliance of colour, strength of wjlouring- 
iwer, boily ami coveriny power. Their price ranges fromi 
i to £20 per ton. See Irov Oxidns, Iron Reds. 

RESINS This name is given to a nundier of vegetable 

roducts, the exudations from many species of trees, which 
( the following general properties : They are haiil and 
on-elastic, as a rule, although there are variations in this 
sspect. They are usually homogeneous in structure, more or 
I transparent, brittle, and insoluble in water, Thoir solu- 
ility in other media is very variable. Some, such as animi 
nd copal, are insoluble in all solvents; others, such as shellac 
nd Manila copal, are soluble in atcohoL Some are soluble in 
ther, and a few are soluble in petroleum spirit. They are all 
ugely used in the manufacture of varnishes, to which they 
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RINMAN'S GREKN. 
impart their Uistre and siibHtance. Thej'are commonly known 

as gUTUH. 

When refiins first exutle from the tree they are generally 
solft in consistence and have a fragrant aromatic odour, dae to 
their containing a small pi-oportioii of volatile essential oil. 
This on exposure to the air gradually evaporate* away, leaving 
the resin as a hard friahle mass. In some cases (animi, copal, 
kauri) this change has been spread over a long perloil of time. 
The substances have been buried in the soil and protected 
from the vicissitudes of the weather, so that the resin has 
acquired an exceptional degree of hardness. In other resins 
this hardening action has only proceeded to a small extent ; 
lienee several of the commercial pi-oducts still retain a soft 
consistence, as gum thus, gum elemi, soft Manila copal, etc. 

The resins are acid in compasition, but their chemical 
charaetei-H have not yet been fully investigated. When 
heated they melt at varying temperatures, some Ijelow or 
near the boiling point of water, as shellac, benzoin; while 
others, animi, copal, require much higher temperatures. When 
distilled they undergo decomposition — water and, in many 
cases, a light oily product of a turpentiuons character being 
given oH' If the Llistillation be proceeded with until about 
j to 30 per cent, of the resin has come over, the residue still 
possesses resinous propeHies : hut has now become soluble 
in most solvents, oils, etc. On this property the manufac- 
of animi, copal, kauri and other resins into vamLshes is 
based. 

The resins chiefly used in the maiiufacture of varnishes 
will be found described under their cuuimcrcial name^ or 
under i(nnia. 



RINMAN'S GREEN. — Thf name often given tv zinc grei-ji. 

■e Zinc Givfii. 
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ROSE MADDER,— A lake pijrnient prepared from madder 
by combining it with alumina. It has a pale ixwe colour, 
mixes well with oil or water, and lias good properties as a 
pigment. It is fairly permanent. It is used only by artists, 
l>eing too costly for house painting and decorating. 

ROSE PINK. — A lake prepared on a base of whiting or 
some other white pigment from Brazil wood by means of 
alumina. It ia of a pale and somewhat dull colour, with but 
little body and colouring power. It is fugitive when exposed 
lo light. It is chieHy employed in paper staining and wall- 
paper printing. 

ROSIN. — When the resinous exudations from various 
species of pine trees are distilled with the aid of steam the 
products are a volatile spirituous substance, turpentine (see 
Til rpintine), and a liijuJd re.sidue which, when it is run ofi' 
and allowed to cool, set^ into a hard solid mass, known in this 
country a-s rosin and in France as colapliony. 

Rosin comes into the market in the form of large masses 
generally homogeneous in Formation, usually transparent or 
translucent : the darker varieties are, however, nearly opaque. 
A good many varieties of rosin are distinguished in commerce. 
The best quality is known as " window glass". It is pale in 
colour and quite transparent. Then there is " amber " i-osin, 
which is darker in colour and rather less transparent; "'black" 
rosin is nearly black in colour and opaque. The quality of 
the rosin depends upon the quality of the crude resin from 
which it is obtained. " Virgin " resin, which is that lirst 
colleeteil, yields the best quality of rasin ; while the resin 
last collected in the boxes yields the poorest qualities, 

k Rosin is slightly heavier than water, its specific gravity 
jiug from 1-044 to MOO- It is hard and brittle, being 
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easily ground to a yellowisli-coloured powder havinjr a cliai'ac' 
teristic i-ough feel, Ite odour is fragrant and peculiar, ami 
ia more strongly developed when heated. At about 177° 
F. (75° C.) roHin softens, and at 212° F. (100° C.) it melts 
to a thin liquid. At higher temperatures it decomposea, 
water, spirit and oil being foi-med (see Hoain (t^il and Romn 
Spirit). 

RoHin is insoluble in water. It Is soluble in boiling alcohol, 
but, on cooling the solution, ciystals of what is called syhnc 
acid separate out. It is also soluble in amyl alcohol, turpen- 
tine, ether, acetone, benzol, coal tar naphtha, and |)etroleuin 
spirit. 

When Imiled with aijueous solutions of the cavistic or 
carbonated alkalies it gradually dissolves, forming with th« 
alkaHes chemical compoumlB. It is on this property that the 
use of rosin in soap making and bleaching is based. Kosin le 
a mixture of two acid bodies, named pinic and sylvic acids, 
both having the same composition, Cj|,Hj,,0^j, but ditTering in 
their solubilities in alcohol. Some authorities consider that 
rosin does not contain a true acid but an acid anhydride, t<J 
which the name of abietic anhydride has lieen given, whicli, 
on treatment with alkalies, first takes up the elements of water 
to foiTn abietic acid, and then enters into combination with the 
alkali. 

Rosin is largely used in the preparation of cheap varniahea,^ 
rasin spirit, turpentine or coal-tar naphtha being employed i» 
the solvents; or a species of common oil varnish may be made by 
melting the rosin, keeping it melted for some time, then m ij iiiig' 
it with boiling linseed oil, Such a varnish, however, docH □( 
possess the durability characteristic of copal or evi^u kauri 
varnisliea. 
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HOSIS OIL. 2H3 

Rosin being cheap is not subject to adulteration, hut, on 
the other ham), it i» BometimeR usetl For making fictitious 
samples of oilier resins. 

ROSIN OIL. — When rosin is subjected to a process of dry 
diHtillatian it is decouipowed and then yields the followiog 
distillates : (1) An aeid aqueous liquid : (2) a light spirit, 
known as rosin spirit (see Jlosiii Spirit) ; and (3) a heavy 
viscid oil — rosin oil. The residue in the retort is either a 
hard carbonaceous coke or a black soft roain pitch, according 
to the manner of working the stills. The i-osin oil in its 
crude condition appears as a thick, gi-anular oil, varying a 
little in appeai-ance, according as to whether the distilling 
operation is carried on (juickly oi* slowly, and to the period 
of the operation. Several <(ualitien are recognised, and are 
known as "hard," "soft," " medium," etc. They are used 
ill that condition chiefly for making greanes, beoaoHe, owing 
to their acid character, they readily combine with lime, soda 
and otlier alkalies. By treating the crude oil, timt with 
.sulphuric acid, then with cauRtic soda, and reilistilling, refined 
rosiit oils ai-e made in various qualities, from a dark heavy 
oil to a pale oil with but little oilour. Rosin oil is a very 
heavy oil, having the highest specific gi-avity of any known 
oil. Dark rosin oils, heavier than water, with a specitic 
gravity of lOl-'i to lO'i are made. The more retinerl oils 
are rather lighter, and vary from U'OisO to O'UQO in speciric 
gravity. 

Rosin oils have a very complex conijXiHition, The crude 
oils contain acid constituents of high molecular weight, ethe- 
real bodies capable of being decomposed by caustic sola, and 
hydrocarbon oils. The refined oils contain a larger proportion 
of hydrocarbon bodies ; in fact, the paler rosin oils contain 
very little of the at^ds and ethers present in the crude oils. 
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But little, however, is known aa to the exact nature o 
these bodies ; probably the hydrocarbons are similar t 
naphtlienes. 

The flashing point of rosin oil is very low. When heateil 
it gives off a vapoui- below -ZVi" F. The flash point is usnally 
about 3'20° F. ; while the fire point in about 400° : 

Rosin oil has a great degi-ee of viscidity or viscosity at the 
ordinary temperature. On being heated it loses this aJiJ 
becomes thin and limpid. 

The crude varieties of rosin oil when exposed to the M 
»et hard. On this account rosin oil has been oflered For. and 
used as, a paint oil ; but its use for this purpose is not satis- 
factory, because, although in the course of a day or so it will 
set hard, yet, on further exposure, it again becoraeH soft and 
tacky : the adilition of driei's doeH not seem to affi^ct the result 
in any way. Rosin oil has been used as an a<lulterant for 
linseed oil. Its efl'eet when thus iised is to prevent the oil 
paint from permanently drying. It is to be noted that tJM 
more i-efined romn oils do not exhibit any drying propertiea 
whatever. 

Rosin oil may be distinguished by it« odour, bloom c 
fluorescence, its high specific gravity, it« great vifcosity anj 
its low flash point ; att also by giving oti' when heated (Jm 
peculiar odour of burning rosin. It(4 taste, too, is peculiar 
When added to other oils it may be detected by the incr 
in the specific gravity, hy the flash point, and by odour t 
rosin which is evolved on heating : while the proportioi 
may be approximately ascertained by boiling the sample will 
caustic soda, separating out the unsaponitied portion will 
petroleum ether, evaporating this ofl^ and weighing the i 
dual oil, which is formed of the hydi-ocarbon constituenta 
the rosin oil added. 
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ROSIN SPIRIT.— When rosin is distilled in a retort one 
of the first products to come over is a spirituous liquid, which, 
when refined (1) by treatment with sulphuric acid and caustic 
soda, and (2) by redistillation, forms what is known as rosin 
spirit This body is a water-white or faint yellow limpid 
liquid, having a peculiar and characteristic odour. Its specific 
^avity varies from 0*876 to 0*883. It is, therefore, rather 
heavier than turpentine. When exposed to the air it is 
volatile. There is, however, a slight tendency to oxidation 
and to the formation of a resinous residue, as is the case with 
turpentine, but this tendency is less than is the case with 
turpentine. It is inflammable, burning with a luminous and 
smoky flame with the odour of burning rosin. Its flash point 
is about 36° to 38° C. (97° to 102° F.). 

On heating in a retort, or still, rosin spirit boils and distils 
over. The temperature at which it begins to boil varies in 
ditterent samples. The temperature risas during the whole 
period of distillation, showing that rosin spirit is not a homo- 
geneous compound as is turpentine, but a mixture of various 
bodies. A sample of rosin spirit examined by the author ha<l 
the following rate of distillation : — 

Degrees (J. 

First drop came over at . . . 117 

5 per cent, came over below . . 127 

8 per cent, more came over below . 137 

11 ty t) tf ■ i4y 

uj „ „ „ • lt)9 

m » .. » • i68 

^ »> ♦> »> • lyy 
lo ,, ,, ,, • lyo 



b „ «« ff . ^uu 

o „ „ „ . 220 

6 „ „ „ . 237 

18' 25 per cent, of residue remaining in the flask. Rosin spirit 

may be met with having lower or higher distilling temperatures. 
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Low distilling spirit is better than hiyh distiiliiiy spirit for 
paint making. 

Rosiii spirit is iiiaoluble in water and alcohol, but is soluble 
in ether, turpentine, chloroform and petroleum spirit or shale 
naphtha. Nitric acid acts on it rather powerfully, but the 
action is not so great an with turpentine. Hydrochloric acid 
has little action. Sulphuric acid forms a dark red mixture. 

In composition roain spirit is a mixture of several hy<ln)- 
carbon bodiea, the exact nature of which has not yet beea 
thoroughly worked out. From it has been isolated heptane^ 
C-H12, a colourless limpid lifjuid haviug a Mpecitic gravity of 
0-8031, and boiling at 103' to lOl" C. On exposure to the ftip 
it absorbs oxygen. Sulphuric acid pol^nnerises it with tlia 
formation of diheptine, C,,H,.j, which Iwils at 235° C. 
250° C, and which, on exposure to the air, rapidly absorhv 
oxygen and resinitie.s. When exposed to the air in the 
presence of water heptine forms crystals of the compOHition, 
C-H,„(OH)oH.,0. It combines with bi-omine to form a di- 
bromide, C;H„|Br.^, which is a heavy yellowish oil. In light 
rosin spirit boiling below 100° C, thei-e have been found 
hexylene and a my lone. 

Rosin spirit is the beat substitute for turpentine known, 
as it approaches it in its properties. When of good quality 
it may be used as a substitute in all cases. The chief objec 
tion to it is its strong odour, which is unpleasant to manj 
persons. Care must be taken in refining it so that all traces 
of i-osin oil be extracted, since the.ie would, if present, retard 
its di-ying. The specific gravity of a good sample will no4 
exceed 0'880. The whole of such a sample, or nearly all 
of it, will distil below 250° C. 

Rosin spirit is largely employed in making turpentins 
substitutes, as also for majcing cheap varnishes, using r 
as the body gum as it is called. 
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Shate naphtha and petroleum spirit form the only possible 
adulterants of roain spirit. These may be detected by their 
eflect on the specific gravity and boiling points. 

ROUGE is the name given to the reHidne of ferric oxide 
left on heating ferrous sulphate in iron retoi-ts. It has a 
bright red colour, a line texture and a soft feel. It possesses 
strong colouring powers and excellent body. It is much used 
:is a pijjment, and is prepared of several shades of red and sold 
under a variety of names, such as scarlet red, Turkey red, 
etc. It is nscl for polishing metals, etc Rouge is completely 
soluble in hydrochloric acid, yielding a yellow solution con- 
taining feiTic chloride. There shonid be no effervescence, and 
the solution should give no precipitate with barium chloride. 
On adding ammonia a brown red precipitate of ferric hydroxide 
is thrown down. On filtering this oH' and adding to the filtrate 
ammonium sulphide and ammonium carbonate in auccession, 
no further precipitates shonid be obtained. The characteristic 
■ ifceets for iron will be Found descrilied under lro7i Oxides. 

^B ROYAL REDS. — A group of bright red pigments varj'ing 
^Hnnewhat in tint, which owe their colour to the coal tar 
HQ^flouriug matter, eosine. They are prepared by precipitating 
" this dye with lead acetate on to a base of orange lead or a 
mixture of orange lead and barytes or some other bases. 
They may be distinguished by the fact that on treatment with 
alcohol or methylated spirit they colour the alcohol a bright 
■scarlet with tinorescence. On being heated the colour is 
destroyed. As pigments they possess strong colouring powers, 
are usually of good tjody and covering power. Much, how- 
ever, of their properties in this respect depends upon the 
nature of the ha.se on which they ai-e made. They work well 
hi oil, the lead they contain usually imparting to them gootl 






288 ROYAL YELLOW-SALT. 

drying properties. Unfortunately they are fugitive to light. 
Much, however, depends on the care with which they are 
made and the vehicle with whicli they are used in paintinf;. 
Unless HutEcient precipitant has been employed then they are 
liable to contain free eosine, wliich increasea their fiigitivenesa 
Reds prepared with lead salts are more permanent than those 
prepared with alumina saltR. Used as oil paints they are 
much more permanent than when used as water colours, 
See also I'fi-niiliviietifji. 

ROYAL YELLOW.— A name given to arsenic yellow w 
king's yellow. See Arsenir Yellow, King's Yellow. 

RUBEN'S BROWN — Nothing is known as to the nature 
or origin of the pinmeiit known by this name. It was pro- 
bably a natural earth resembling umber in its properties ainl 
composition. 



SALT.^This valuable commodity in a compound of lli 
two elements, sodium and chlorine, in the proportion o( 
3!)'32 per cent, of sodium to 6068 per cent, of chlorine. Its 
chemical formula is NaCI, and its chemical name sodium 
chloride. 

It is fouud very widely distributed in natm-e. In mniiy 
places it is found in large solid masses of a crystalline character. 
Such deposits occur at Xorthwich, Middlewich, Droitwich. 
Middlesboi-ough and other localities in this country. In other 
parts of the world it occurs in great abnudance in the solitl 
form. In solution it is present in small proportion in 
natuml waters, while the springs which are met with in salt 
districts are, as a rule, highly charged with it. Sea wat«r 
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a ^eat source of salt, containing it in large proportion. In 
some inland seas (Dead Sea, Salt Lake of Utah) the water is 
practically saturated with salt. 

Salt crystallises in cubical crystals of a glistening white 
colour. It is soluble in about three or four times its weight of 
cold water, the solubility being but slightly increased on heat- 
ing. At a temperature of about 700° C. it melts and is volatile 
at higher temperatures, a property which is taken advantage 
of in glazing pottery, the salt being thrown into the furnace 
during the last stages of the burning of the pottery. It is 
volatilised by the heat of the furnace, and on coming in contact 
with the articles enters into combination with the silica, form- 
ing silicate of soda (to which the glaze is due) while chlorine or 
hydrochloric acid is evolved. 

Salt forms the basis from which all other sodium com- 
pounds are obtained. Its conversion into so<lium carbonate 
constitutes the alkali manufacture, one of the most important 
branches of chemical manufacture. It is employed in dyeing, 
for fo<xl and for numerous other purposes. 

SANDARAC. — This is a very useful varnish resin which 
exudes from the alerce tree. Call Ur in (fitadrivalvis, a native 
of North Africa, growing in abundance in the mountainous 
regions from the Atlantic coast to Eastern Algeria. The 
resin exudes naturally from the tree. The Moors who collect 
it increase the amount by making incisions in the tree. After 
collection it is usually sent to Mogador for export to Europe. 

Sandarac occurs in small cylindrical pieces or tears (which 
may be agglutinated together) of a yellowish-white colour. 
It is hard and brittle, being comparable to rosin or kauri in 
this respect. It melts at about 150° C. (300° F.) to a colour- 
less or slightly yellow li(|uid. Its specific gravity is 1038 to 

1044. 
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Saadarac is soluble in alcohol, methylated spirit, ether 
and amyl alcohol. It is only slightly soluble in benzol, petro- 
leuni spirit, and turpentine in its natural condition. Sandarac 
which has been fused, as in the common inetiiod of making 
oil varnishes, becomes soluble in those solvents and in oil. 

Sandarac (also known as gum juniper) is much UHed in 
making both oil and spirit varnishes when a pale or Cfilourleas 
varnish is reijuireii. It forms a very bright varnish and gives 
a coat which is hard, lustrous and durable. 

SAP GREEN is a pigment of a dull shacW of oliv» greeo, 
formeiiy prepared in large quantities from the Juic« of the 
buckthorn berries by treatment with alum and suila. It ia 
now almost, if not ijuite, obsolete. In its general composition 
it is essentially a lake. Its chief use of late has l^^en for the 
colouring of confectionery and other food pi-oduets. Whoa 
used as a pigment it works well in water hut not in oiL It 
is, however, fugitive to light. 

SATIN WHITE A white pigment much used in filling 

papei-s and paper staining in general. It is a mixtvire of 
calcium sulphate and alumina, and is made by lioiiing a 
solution of alum or alumina sulphate with lime water. It 
poss&sses good properties as a pigment, has a fair amount of 
body and covering power, and, what is of service to the paper 
stainer, it enables the paper to take a hi^h polish when itia 
calendered. 

Satin white may be distinguished by the following teste: 
Un heating with dilute hydrochloric acid the alumina dimolves 
leaving the calcium sulphate behind. Uu adding ammonia to 
the acid solution a white gelatinous precipitate of alamina 
hydroxide will Ije obtained. By lonjj boiling with hydro- 
chloric acid satin white is completely dissolved. On addtng 
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to the solution, first auimoma and then ammonium oxalate, 
a copious white precipitate of calcium oxalate will be obtained. 
Or if barium chloride be added to the solution a white pre- 
cipitate of barium sulphate will result. An analysis of satin 
wliite is rarely required ; it ia usually HuiBcient to examine it 
for its purity of colour and colouring power. 

SCARLET RED. — A name given to very bright scarlet 
shades of iron oxide piymenta. These may be diatingui.shed 
fi-oin any other pigments similarly named by their giving the 
cliaracteristic teats for iron. It may be here pointed out that 
many of the modern pigments prepared from coal-tar colours 
are sent out uniler old names. It is/of course impossible to 
state definitely the composition of such pigments. That a 
particular sample contains or is made from a coal-tar colour 
can be ascertained by treating a, little with alcohol, when, as 
a rule, it will form a coloured solution. 
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SCHEELE'S GREEN An arsfuite of copper prepared by 

tcipitating a solution of sulphate of copper with one of 
arsenite of soda. It has a dull yellow-green colour, possesses 
a fair body antl covering power, but in somewhat <leticient in 
colouring power. It has now become quite obsolete as a 
pigment. It may be distinguished by the following tests : 
Boiled ivith hydrochloric acid it dissolves, forming a green 
or bluish solution. Ou adding caustic soila and boiling a 
black precipitate of copper oxide is obtained. If to the 
solution a little acid be added and a current of sulphuretted 
hydrogen gas passed through, a yellow precipitate of arsenic 
pliide will be obtained. 



SCHWEINFURTH GREEN A name formerly giver 

emerald gi'een. See Emerahi Green. 
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SCOFFERN'S WHITE A pigment containing sulphite of 

leaJ, hut wliich never came into extensive use. 

SCOTCH FIR SEED Oil An oil obtained by preasiin: 

from the seeds of the Scotch fir, Finiis sylvestrts. It has a 
brownish -yellow colour, a specific gravity at 60° F. of 0'931 
and a somewhat turpentinous oiiour. It dries well, but is not 
quite equal to linseed oil in this respect. If it were more 
abundant it might be used as a paint oil. 

SEED LAC— The name given to the partly refined lac 
obtained by lioiling the crude lac with water to extract the 
colouiint; matter. Seed lac is by further treatment converted 
into shellac. See Lac. 

SEPlAi — The name given to the brown pigment which is 
obtained from the ink bags of the cuttle fish, Se/tia officinalis. 
Sepia is mostly used by artists, and is prized by them most 
particularly for water-colour painting on account of the fine 
tones it gives and the ease with which large washes of colour 
can be obtained. Sepia is a compound of calcium and mag- 
nesium carbonates with an organic colouring principle. Prout 
gives its composition as : — 

Pbt Cent. 

Melanin or black pigment . . . 78*00 

Calcium carbonate. CaCOa 

Magnesium cEirboaale, MgCO, . 

Alkaline sulphates and chloride . 

Organic mucus .... 



10-40 
7-00 
2-lG 
0-84 



Sepia is sometimes sold iu its original condition, iu which 
caee it takes the form of pears coated with the tissue uf tba 
ink bag, or it is often sold in a pi-epared form. The crude 
sepia is boiled with a little sodium carbonate, which dtaaolTOfl 



SHALE NAPHTHA OR SHALE SPIRIT. 293 

out the actaal eolourinfj matter ; tlien hy aildiiig a little acid 
to the solution this in reprecipitated, and, after lilterinf; and 
washing is leady for sale. 

SHALE NAPHTHA orSHALE SPIRIT in the lightest liquid 
product obtained in the reKiiing of the ct-ude oil obtained by 
distilling Scotch shale. The naphtha is a water-white, very 
limpid liquid, posseesing'a slight odour and fluorescence. Its 
specific gravity varies from 0-730 to 0'760. It is very inflam- 
mable, taking Qre immediately on a ligiit ):ieing put to it and 
burning with a luminous flame. It begins to l»il below 
100' C. (212° F.), and is usually completely distilled over 
below 190° C. (374° F.), Tlie temperature of distillation and 
its range varies with different makes. A sample of Scotch 
naphtha which had a specific gravity of 0760 examined by 
■lihe author had the following range of distillation : — 



First di'Op c 
3 per cent, i 



90 



190 



A naphtha of 0"73U gravity will distil at lower tempera- 
tures than will a naphtha of 0-760 gravity, 

Aci<is and alkaline liquids have no action on shale spirit. 
It will absorb and combine with a small but variable quantity 
of bromine or of iodine. 

Shale naphtlia is a complex mixture of hydrocarlwns be- 
longing to the two series of parafliiis and olefines, the tatter 
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forming about 60 per cent, of the naphtha. There have been 
olitained from it the following among other liydrocarhons : 
Hexeue, C^Hn ; heptene, C.^^^ ; octene, C^Hip ; uunene, CyHii. 
among the oletines ; while the following paraffin.s have been 
found: Hexane, C„H,,; heptane, CjH,,,; octane, CjHi^; and 
nonane, C,|Hj„. Others are present, but they have not been 
definitely isolated. 

Shale naphtha is largely employed as a solvent ot thinner 
in the preparation of paints and varnishes, as it is a very 
powerful -solvent of oils anfl of some resins. It is distingui^«d 
from both rosin spirit and turpentine by its lower specitie 
gravity and flash point. It is distinguished from ttirpentina 
b}' its low boiling point and the continued rise of temperatora 
during boiling, while it cannot be distilled in a current of 
steam as can turpentine. 

Shale naphtha closely resembles benzoliue in its chemical 
comiKwition and properties, but ditfei-s in containing a larger 
proportion of the olefine hydrocarbons. See Biinzuline. 

SHELLAC— A mo-^t valuable varnish reshi obtained from 

lac. See I.aa. 

SICCATIVES. — A name often given to driers (see Dni-rsX 
Thw term is the one usually adopted on the continent, while 
in England they are more frequently known as driers. Under 
DrlfTs a list of those commonly useil i.s given. The properties 
of these will be found descriljed under tlie name for each. 

SIENNA. — The name given to a class of earthy pigments 
of a brownish -yellow colour. The original pigment was fouurl 
near the town of Sieima in Italy, from which circunistauca 
their name is derived. Similar pigments are found in many 
localities. The best cpialities come from the neighbourhood 
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of Rome, but <lepasits are found in Devonshire, Cumberland, 
America and other places. Siennas rasemble ochres in their 
general composition, being earthy substances coloured by 
hydrated oxide of iron. There is usually a little oxide of 
manganese present, to which circumstance their brownish 
shade is often but not always due. They differ from ochres 
in being rather more transparent, a fact which, while rendering 
them unlit to be used as IxKly colours in a paint, makes them 
serviceable as staining colours. 

The following are some analyses of siennas made by the 
author : — 



Dark Roman Sienna : — 

Water, hygi'oscopic . 

Water, combined, and organic matter 

Silica, SiO.j 

Calcium carbonate, CaCOy 

Alumina, Al.^Oy . 

Ferric oxide, ¥eX>.^ . 

Manganese, MnO., 

Lvjht Roman Sienna : — 

Water, hygroscopic . 

Water, combined, and organic matter 

Silica, SiOo 

Alumina, ALO^ . 

Manganese, MnO.. 

Ferric oxide, Fe.,0., . 

Pennsylvania Sienna : — 

Water, hygroscopic 
Oxide of iron, Fe.jOa 
Alumina, AUO^ . 
Silica, SiO., " . 
Manganese, MnOo 
Calcium oxide, CaO 



VvT i 'ent. 

17-55 
9-00 

22-65 
0-96 
2-84 

45-82 
1-19 

Per Cent. 

8-25 

11-00 

17-41 
1-07 
0-63 

57-03 

Per C eiit. 

8-00 
62-12 
14-80 
14-23 

0-36 
traces 
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American Sienna: — 

Ferric oxide, FcjOg , 
Alumina, Al^O^ ■ 
Mangaaeae, MnO^ 
GELtcium oxide, CaO . 
Silica, SiOj 
Water, hygroacopic , 
Water, oombioed 



S'tT Cent. 
74-81 
5-23 
trace 
trace 
6-76 
7-00 
6-20 



These analyses of Anierican Hiennas whow tliat they differ 
markedly from the Italian siennas. They contain the iron in 
two t'orms, hydrated and anhydi-ous, to which fact they owe 
their i-eddish- brown tint. As pigments they aie rather in(H% 
opaque, and, therefore, have more body than Italian )<ieiinas. 

Siennas are sold in two varieties, knowu as raw sientui 
ami bv.rnt nie-nva. The former is the pigment as obtained; 
the latter after it has l>een ceIcuilmI or burut in a furnace. 

Burnt sienna ha.s a bnght orange-red colour. It has a 
composition similar to tliat of the raw siennas, hut contauw 
less water, and the iron is in tlie anhydrous condition. 

Sioiinas, whethei' raw or burnt, are very useful pi^menta' 
They mix well with either oil or water, and are perfectl/ 
permanent when used as painte exposed to light and air. 
They mix well with all other pigments. 

Siennas should be examined for tint or shade, colouring 
power, covering power and body I^y the usual methods. It 
is rarely tliat a chemical analysis will be require'I. If 
this can be done on the lines laid down under ochnw. See 
Oi'Ares. 

SILICA. — The oxide of the element silicon is commonly 
known by the name of silica. Its composition corroflponds 
to the formula, SiOj. It occurs naturally in groat abundance 
and in a great variety of forma In a crystallised conditioa 
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it forma the mineral rock crystal, anil occurs iu the fonn of 

six-sided prisms with a hexagonal pyramid ou one or Ijoth 

enda In a crystalline condition it forms the mineral ijiiartz, 

which is found in large qnantitiee in various rocka, gi-anite, 

syenite, eta In an amorphous condition it occurs as the 

minerals, Hint, chert, etc. In aildition, silica is found in 

combination with variotLS metallic oxidett, sucli as alumina, 

iron, magnesia, lime, soda, potash, eta ; in a vast variety of 

minerals, including felspars, micas, steatite, etc. The most 

important property of silica is its indestructibility. There 

only one acid which will attack it, hydrofluoric acid. 

J.A.lkaIie8 will not attack it in the cold, but if heated with 

it enters into combination, silicates being formed. 

Bilica in all itn natural forms is exceedingly hard, rank- 

J next to the diamond in this respect. It is quite infusible 

and will resist the most intense heat, a property which is 

largely taken advantage of in the construction of fnniaces 

^or chemical and metallurgical processes, bricks mado of 

ilica being extensively used in building them. 

The uses of silica are varied. It enters into the pre- 

ration of ultramarine, cobalt blue, smalts, etc., and ia 

mployed in making all kinds of pottery and stoneware, in 

making, etc. 

There is one form of silica that is of interest, kieselguhr, 

:i the fact that it is due to the agency of low forms of life, 

"his variety has already been described. See Kieselyiikr. 

When an acid is added to a .solution of an alkaline silicate 
• a soluble silicate is treated with hydrochloric acid, the 
Vitica separates out in two forms, first as a white gelatinous 
mass of insoluble hydrateil silica, the exact composition of 
kirhich depends upon the condition under which it is prepared ; 
I 'while there is often left in solution a peculiar variety of 
f liydnited silica known as soluble silica. Both varieties -when 
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stroiyily heated lose their water of hydration and form the 
anliydi-ous insoluble silica. Reference may l>e made to Chlva 

Clny, Clay, Kanlin, Felspar. Mica, etc, 

SILICATE OF POTASH When silica ia fused i^th 

either caustic potash or caustic soda or even tlie carbonates 
of the alkalies, and the fused mass allowed to cool, there is 
formed a glassy mass whicli is soluble in water. These are 
known as itolubh i/lasif or neater (jlasx, and meet with msny 
applications in the ohemtcal industries. Silicate of potash is 
obtained when silica and caustic potash are melted together. 
Commercially it comes into trade in two forms : one a trans- 
parent glassy mass, the other a viscid liquid havinj: » specific 
gravity of 1'3S (76° Tw.). Tins usually contains TS'W per 
ci'nt. of potash, K.^O ; 2+4 per cent, of silica, SiO^ ; and 62"17 
per cent, of water. The silicate in this solution has the 
formula, K^OSSiO,^ The solid silicate contains 30'78 per 
cent, of potash. K„0, and 6873 per cent of silica, SiO,; s 
composition corresponding to the formula, Kj04SiO.;. Both 
these forms are known commercially as neutral. If silicatea 
are made with a larger proportion of alkali they are then 
iuiown as alkaline silicates. The properties of silicate of 
potash are identical with those of silicate of soda. See 
Silh-aii- of Soda. 

SILICATE OF SODA This is by far the most important 

of the wlnlile siliuates. It is made in several foroisi One is 
a solid of glassy appearance, and is what is commonly sold 
under the name of soluble glass or tvater jflast. It usually 
has the iroitiposition ; Hodn, Na^O. 32*13 per cent^ ; silica, SiO,, 
67-87 per cent. TTiis correspou'Is to the formula, Naj,02SiOy 
It is slowly soluble in water, yielding very thick viscid solu- 
tions. These are deconijKxned by acids, gelatinous silica being 
deposited. 
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An " alkalioe " solution of silicate w made having a specific 
tcravity of 1-5 to 1546(100'' to 109" Tw.). The composition of 
this Hoiution averages 15-9 per cent, of soda, Na./> ; 293 per 
cent, of silica, SiO^. ; and 54"K per cent, of water. The silicate 
in ^is solution has the iomiula, Na,j02SiO^„ so that, although 
termed an alkaline solution, it really is acid in character. The 
eijuivalent proportions of soda and silica to form a nonual 
silicate are 1 to 1, Na^O to SiU^. Sometimes a neutral 
silicate containing less soda than an alkaline silicate is 
made, but it is found that for most of the purposes for 

»hich wiiicate of soda is used it is best to keep tlie propor- 
on of soda to silica as 1 to 2, as tu the formula given 
)Ove. The more silica there is the less soluble becomes 
le silicate. 
When acids are added to solutions of the alkaline silicates 
the latter are decomposed ; the silica separates out, partly in 
the gelatinoas form and partly in solution. On evaporating 
the acidified solution to ilryness the silica is obtained as an 
insoluble gritty white powder. When mixed witli aolutiona 
of the heavy metais precipitates are obtained of the respective 
metallic silicates. When mixed with white lead the mixture 
quickly sets into a hard enamel-like mass. A mixture of lime 
and silicate of soda also soon sets into a hard mass. Silicate 
of soda is much used as a petrifying substance for pre- 
serving Mtone from the destructive influence of the atmosphere. 
Alternate coatings of lime and silicate form one of the best 

r»ervatives known, 
SMALTS. — This pigment Is a glass coloure<l by oxide of 
cobalt which has been iinely powdered. It is prepared by 
melting together in a crucible silica, potash and oxide of 

I bait, the proportions used depending on the depth of shade 
quireil. Smalts used to be very largely employed by 
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Mi*H(*hoi>4 aiul others, but the mtroduction of artificial ultra- 
iiiariiu^ haH alinoHt completely displaced it. 

Smalts is a pigment of a violet blue shade of no great 
<loptli of colour. In gaslight the tone changes to a reddish 
h\\u\ The tint of smalts varies a little, which variation is 
bniUght alMHit by using various proportions of the ingredients 
in tlu» process of manufacture, in order to render them better 
adapted for use for different purposes. The degree of fineness 
of thr jK)wder of smalts also varies, this l)eing done by atten- 
tion to tho gi'inding ; generally the finer the smalts the paler 
it is. It mixes well with either oil or water, but it cannot be 
(•onsitlorod a good pigment for painting, although it is quite 
permanent when expased to light and air. 

Smalts is sold in a variety of shades and tints, which the 
inakei's distinguish by marks having no special signification 
ant I varying with different makeiu 

In composition smalts is easentially a glaas, a double silicate 
(»r pot^ish and cobalt with a few minor impurities. Rivot gives 
i\\o following analysis of a sample of smalt : — 

Per Cent. 

Silica, SiC, 56*4 



Alumina, ALO^, . 
FeiTic oxide, Fe.,Oy 
Cobalt oxide, CoO 
Calcium oxide, CaO 
Potassium oxide, K.,0 . 
Lead oxide, TbO 



3-5 

4-1 
16-0 

1-6 
13-2 

4-7 



li\it the eomjMxsition will vary very much, more especially as 
reganls the projK)rtion of the impurities. 

Snuilts is not readily acteil uix)n by acids and alkalies. 
This distinguishes it fi^om all other blue pigments. Long 
digt^stitui with strong hydrochloric acid decomposes smalts, 
fiU-minir a solution of the chlorides of the metals it contains 
and heaving a residue of gelatinous silica. 
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A sample of smalts may be examines! for ita tint, colouring; 
power and fineness of powder. An analysis is rarely i-etiuired 
and would be rather difficult to make. The only possible 
adulterants which miglit be added to smalts would be ultra- 
marine, Prussian blue and possibly barytea. The fii-st may 
be detected by the action of ililute acids, the second by the 
action of alkalies, and the baiytes by being left as an insoluble 
white residue on treatment with hydrochloric acid, 

SOLUBLE BLUE.— Two different products are known 
tmder this name. One is a coal-tar colouring matter, used 
solely in dyeing and printing textile fabrics ; the other a 
mollification of Prussian blue, which is soluble in water. 
Soluble blue prepared from Prussian blue may be diatin- 
guished from the awil-tai' product by being decomposed by 
caustic soda with the fonnation of a brown insoluble residue 
of oxide of iron. 

SODIUM CARBONATE,— This imjiortant alkuli is manu- 
factured in largf i[un.ntities from salt, soilium chloride, NaCL 
Thfre are two chief methods of production known respee- 
tiveiy as the Leblane proces-n and the ammonia-soda process. 
The Lehlanc proreee is the oldest, and was the invention of 
Nicholas Leblane, a Paris pharmacist, at the end of last century. 
In this process the salt is taken and heated with sulphuric 
acid, whereby it is converted into sodium sulphate or, as it is 
called, salt cake. This is next mixed with limestone and coal 
and Again heated in a furnace when there is proiluced a 
pro<lnct known as h/ack <itik. This has a most complex com- 
position. The principal constituents are sodium carbonate 
and calcium persulphide. The black aah is then lixiviated 
with water, whereby the sodium carbonate is dissolved out 
and the calcium compound left behind as an insoluble sub- 
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stance known as vat waste. The solution of sodium carbonst* 
is then boiled down to dryness and heated in a furnace, when 
there is formed what is known as sndti, ush. From this the 
various other forms of sodium carbonate are obtained. 

The ainfftonia siida prucesa ha.s been known in principle 
for a very long time, but no practical method of working it od 
a large scale was known until Solvay dorised his mole of 
working. In the ammonia-soda process the salt is employed 
in the form of brine. It is mixed with ammonia and a current 
of carbonic acid gas is sent in when there Ls obtained a jire- 
cipitate of bicarbonate of soda, This is separated and heawd 
in a furnace when it gives ofl' carbonic aeid and passes into 
carbonate of soila. A very pure alkali can be made by this 
process. 

Sodium carbonate (or soila as it is freiineutly called) is s 
combination of carlxinic acid gas, CO., and the oxide of tlia 
mi'tttl sodium, Na^O. There are two earbouatas of soda. The 
one known as th<? normal carbonate, has the composition 
shown by the formula, Na^COy ; the other is the acid car- 
)K>nate (or, as it is most commonly called, bicarbonate of soda)^ 
and has the formula, NaHCO^ Commercial carl»onate of soda 



sold 



in a variety of fom 

(1) Soda ash 

(2) Kefined alkali 

(3) Soda orystala 



(4) Crystal carbonate 

(5) Sesqui carbonate 

(6) Bicarbonate 



1. So(i.n A»h. — This is the ci'ude carbonate as obtained 
from the boiling down pans or the furnaces. It is by no 
means a pure form, but contains a large number of impuriUefl' 
which vary in amount. Caustic sods, sodium chloride, sodium' 
sulphate, sodium sulphite, oxide of iron or alumina may ha 
present It is made in various qualities, which are dislin- 
gnish<;d as ■iH per cent, ash, 52 per cent, ash, etc., tbom 



SODIUM CARBONATE. 



303 



percentages showing thtt amount oF sodium oxide, Xa„0, 
pruseiit in the sample. Forty-eight per cent, sodium oxide 
corresponds with 82 per cent sodium carbonate, while 58 per 
Cunt, .'^oilium oside corresponds with 97 per cent, sodium 
carbonate. Soda asli is usually sold according to its content 
of sodium oxide, each per cent, beinjj called a degree aud the 
price quoted (about Id.) per degree per cwt. Thus a 50 per 
cent, ash at Id. per degree would cast 4a. 2d. per cwt. Soda 
ash is used in a great variety of in<liiatrie9, paper making, 
bleaching, dyeing, glass making, etc. 

2. Refined AlhiU. — This product is almost pure carlmnate 
lit" soda and is chieHy made by the atnmouia-soda process, and 
is what is commonly referred to when Solvay soda is spoken of. 
It i» usually sent out as containing 58 to 59 per cent, of sodium 
oside. It is a fine white powder, easily and completely 
soluble in water. It is used wherevei- a pure form is reijuired 
and where the impurities present in soda ash would have some 
influence on the result. 

3. Soda Cnjetals. — This form is the common washing 
soda or Scotch soda of the laundress. It is made iii tine 
large crystals, which contain 10 molecules of water of crystal- 
lisation. Its formula, therefore, is Na^CO,, IOH.,0. The use 
of soda crystals has .somewhat declined since the introduction 
of refined alkali and crystal carbonate. 

4. Crff.^tal Giirbo7iate, ^This is also known as crystal soda. 
It is a monohydrated crystalline form of sodium carbonate, 
having tlie formula, NajCO^HjO, and occurring in very small 
fine crystals that effloresce on exposure to air. Geuei-ally this 
form is very pure and readily soluble in water. It is, there- 
fore, preferable to soda crystals, than which it is mnch sti-onger 
or about two and a half times as strong. 

. Sesquicwrbonate. — A form of soiiium carbonate, which 
S a crystalline combination of the normal aud acid carbonates, 
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having the formula, Na^jCOj, NaHCOg, 2H2O, has been made 
but has not come into much use. 

6. Bicarbonate, — This form has a composition correspond- 
ing to the formula, NaHCOg It is prepared in both crystals 
and powder, and is the variety commonly used for medicinal 
and many domestic purposes. 

The following are some analyses of the various varieties of 
commercial carbonate of soda, which will show their relative 
degree of purity : — 




58 per ' Am- { Soda 

Cent. ' monia ' Crys- 

Ash. Alkali, tals. 

Per Per Per 

Cent. Cent Cent. 



So<lium carbonate, NaaCOj . 
Sodium bicarbonate, NaHCOa 
Sodium sulphate, Na«S04 . . 
Sodium hydroxide, NaHO 
Sodium chloride, NaCl . . . 
Calcium carbonate, CaCO, 
Magnesium carbonate, MgCO, ' trace 
Ferric oxide, FcaOs . . . ..trace 

Alumina, AI2O3 I 1*12 

Silica, SiOa — 

Water ' 4:V60 



60-64 98-72 98-94 3422 



4-35 

1-29 

28-34 

trace 



0-20 0-20 1 2-64 

— - 010 

0-54 0-36' 0-27 



013 
0-04 
0-04 



0O3 



trace 



Crystal 'Sesqni- 
Car- ' car- 



bonate. 

Per 

Cent 



trace — 



009 
0-26 



bonate. 
Pa- 
Cent 



81-92 46-^)2 
37-30 

018 ■ — 

0-24 0-29 



0-01 — — — — 



0-09 0-03 — 

0-38 i 62-84 17-66 15-79 



Sodium carbonate is fairly easily soluble in water, the 
solubility increasing with the temperature, but is greatest at 
825° C. The following table gives the solubility of sodium 
carbonate at various temperatures : — 

0** C. 5° C. 10° C. 15° C. 20° C. 30° C. 32-5° C. 34° C. and 79° C. 100° C. 
7-1 9-5 12-6 16-5 21-4 38-1 59 46-2 45-1 

parts of NaoCOg per 100 water 

The following table of the specific gravities of solutiov 
of sodium carbonate at 15° C. (60° F.) will be found useful : 
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Specific Gravities of Solutions of Sodium Carbonate 

AT 15° C. (60° F.). 



Pwaddell. 


Percentage by 
Weight. 


Degrees 
rwaddell. 


Percentage by 
Weight. 


Degree.H 
Pwaddell. 


Percentage by 
Weight 














0-47 


0-28 




Na,CO> Na,0. 




9-90 


Ni^O. 


1 


U 


5-23 30(> 


21 


5-79 


2 


0-95 


0-50 


12 


5-71 3-34 


22 


10-37 


6-06 


3 


1-42 


0-84 


13 


617 1 3-61 


23 


10-83 


6-33 


4 


1-90 


111 


14 


6-64 3-88 


24 


11-30 


6-61 




, 2-38 


1-39 


16 


710 416 


25 


11-76 


6-88 


<) 


' 2-85 


107 


16 


7-57 4-42 


26 


12-23 


715 


7 


3-33 


1-95 


17 


8-04 4-70 


27 


12-70 


7-42 


8 


3-80 


2-22 


18 


8-51 4-97 


28 


1316 


7*70 


9 


4-28 


2-50 


19 


8-97 5-24 


29 


13-63 


7-97 


10 


4-70 


2-78 


20 


9-43 5-62 


30 


14-09 


8-24 



Strong solutions cannot be obtained at the ordinary tem- 
perature. At 23° C. water will dissolve about 18 per cent, of 
sodium carbonate, but on cooling down such solutions deposit 
crystals. 

The testing of soda ash, soda crystals, etc., is done by the 

usual alkalimetrical tests as described under caustic soda 

Five grammes of the sample are taken and dissolved in 250 

c.c. of water ; 25 c.c. of this solution are taken, and a little 

methyl orange added ; it is then titrated with normal sulphuric 

acid until the red acid tint is obtained. The number of c.c. 

of acid used multiplied by 0031 gives the weight of sodium 

oxide, Na.jO, or multiplied by 0053 gives the weight of sodium 

carlx)nate, Na.,C03, in grammes present in the sample. If 

instead of taking 5 grammes, 3*1 or 5 3 grammes are taken, 

then the number of c.c. used of the acid multiplied by ten 

gives the percentage of sodium oxide or sodium carlx)nate 

respectively. 

20 
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SODIUM BORATE.— The chemical uame of boras. See 

Bor a.i:. 

SODIUM CHLORIDE,— The chemical name of salt. See 
Salt. 

SODIUM HYDROXIDE The chemical name of caustic 

Boda. See CanMlic Soda. 

SODIUM SULPHATE,— There are two sulphates of swiiim 
The most common, and at the same time the most importaDt, i* 
the normal sulpliate, whicli has a composition coirespondinp; to 
the formula, Na^SO^. The second one is the acid soiiiow 
sulphate, commonly known a.s bisiilphate of soda or sodioin 
hydrogen sulphate. This has the formula, HNaSO^. Both 
are very larj^ely employed for a great variety of purpose* 
The normal sulphate is capable of existing in two forms, both 
of which are manufactured commercially, inz.,{l ) the anhydrous, 
corresponding to the formula NajSO,,the commercial varietiee 
of which are known aa salt cake or nitre cake, according as 
they are made by the action of sulphuric acid on salt or on 
nitrate of soda ; and (2) the crystallised sulphate (Glauber's 
salt), containing 10 molecules of water of crystaUisatiou, nod 
corresponding to the formula, Na^SO,, lOHjO, which is mftde 
on the large scale from either salt cake or nitre cake by 
dissolving out and crystallising. 

Sodium sulphate is fairly easily soluble in water, which' 
at 0" C, dissolves 5 per cent, of its weight, at 33° C. 50 per 
cent., and at 100" C. 425 per cent. On allowing a ttolulioa 
to slowly crystallise Glauber's salt seiiarates out. The i 
merctal anhydrous varieties are often acid in character, but 
generally this does not interfere with iheii- use for nioo* 
purposes. If a neutral compound is rei|uired then it i« beat 
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to drive off the water from Glauber's salt and obtain what is 
then known as calcined Glauber's salt. Glauber's salt, as 
usually sold, is fairly good in quality, the most common 
impurity being sodium chloride. 

Sodium sulphate in all its forms is very largely used by 
colour makers in the preparation of chrome yellows, by dyers, 
finishers, glass makers, etc. It may be pointed out that so far 
as regards the use of sodium sulphate for many purposes it is 
immaterial whether the anhydrous or the crystallised salt be 
used provided equivalent quantities be taken. Eleven parts 
of the anhydrous salt are equal to 25 parts of the crystallised 
salt. 

Sodium sulphate should not give any precipitate on the 
addition of silver nitrate. It should not turn blue litmus paper 
red, which would indicate acidity. It should not etfervesce on 
the addition of acids, nor give off any gas of any kind. 

SODIUM PHOSPHATE.— The commercial salt occurs in 
small crystals not readily soluble in water at the ordinary 
temperature, which takes up about 1 part in 25. At the 
boiling point it is readily soluble in its own weight of 
water. It has a composition corresponding to the formula, 
HNa,P04, I2H3O, containing:— 

Per Cent 

Sodium oxide, Na^O .... 17*32 
Phosphoric pentoxide, P2O5 . . 19*84 
Water of crystallisation . . . 62*84 

It is efflorescent on exposure to the air. 

Sodium phosphate is used in many industries, such as 
dyeing, calico printing, colour making, etc. The commercial 
salt is fairly pure, the most common adulterant being sodium 
sulphate. A good sample of sodium phosphate should not 
give a precipitate with barium chloride from a solution 
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acidifiotl with hydrochloric acid, and it should not give a 
precipitate with silver nitrate in a solution acidiUed with 
nitric acid. On adding a little nitric acid to a solution of 
Bodium pliosphate, then a little ammonium molybdate, and 
boiling, a bright yellow precipitate ot ammonium phoepho- 
molybdate will fall down. This test is very characteristic 
of phosphoric acid, 

SPANISH WHITE — The name given to a good quality 
of whiting. Originally it was probably given to a white 
clay imported from Spain. 

STRONTIUM WHITE,— This pigment is the sulphate of 
Btrontiura, which occurs naturally as the mineral celestina It 
has a composition shown by the formula, SrSO,, and is analo- 
gous to barytcB and gypsum. Strontium white occurs only 
in small quantities ; consequently it is not much used. In ibt 
general properties it closely resembles barytes. It is innoluble 
in water, acids and other solvents. It can be distinguished 
from barytes by its giving a red colour to the Bunsen flame. 

SUGAR OF LEAD. — A common name of lead acetate. See 

Acetati'fi "f /.'■ad.. 

SUBLIMED WHITE LEAD.- A white pigment prepared 
by melting lead or lead ores in a furnace and blowing ait 
through. The lead ore, galena, undergoes oxidation and is 
converted into lead sulphate, a little lead oxide being formed 
at the same time. Tlie lead sulphate, etc., is carried away by 
the blast of air in the form of I'ume, which is collectei] bi sait- 
able conden.sing chambers. It is next treated with a little 
Bulphuric acid, washed and dried. The original subliuied 
white lead contained some zinc oxide, owing to h \ead on 



Lead sulphate. PbSO, 


82-39 


Lead oxide. PbO 


0-55 


Zinc oxide, ZnO 


6-34 


Lead carboiiate, PbCO^ . 


9-i3 


Hygroacopic water . 


o-ao 


Combined water 


1-05 
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containing zinc being used in its preparation, It it castomary 
to add a little zinc oxide and barytes to tlie leail ttulphate 

Ihich is formed in the process. A sample of suhliuied white 
ftd examined by the author contained : — 
When well made sublimed white lead possesseH gcM»d colour 
)dy and covering power. It works fairly well in oil, but 
not so well a.s ordinary white lead. It iH permanent when 
exposed to tight and air, and is non- poisonous. These pro- 
perties give it an advantage over ordinary white lead. 

Sublimed white lead may be diatinguiaheil from ordinary 
white lead by the following reactions: It is not soluble in 
dilute nitric acid, the insoluble portion consisting of lead 
sulphate with any barytes which may have been added. The 
soluble portion will consist of the lead oxide, lead carbonate 
and ziuc oxide which may be present. On adding ammonia 
to this solution a white precipitate of lead hydroxide will be 
obtaineil On filtering this oil' and adding ammonium sulphide 
to the filtrate a white precipitate of zinc sulphide will be 
thi-owu down. On boiling sublimed white lead witJi hyilro- 
chloric acid it ilissolves and the solution gives a white 
precipitate of barium sulphate on adding a solution of barium 

Iloride. On cooling the solution, it deposits white cry.stala 
lead chloride. 
Sublimed white lead should be assayed for colour, body. 
vering power and colouring power in the usual way, as 
mples are apt to vary in these particulars from time to time. 
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SULPHATES,— These are an important group of salts 
derivetl I'loni a combination of metallic or other bases with 
salphuric acid. Monad metals, like sodium, potasaium and 
silver, form sulphates of the type M.SO, ; dyad metals, like 
barium, lead and calcium, sutphatej* of the type MSO, ; while 
triad metals, like bismuth and aluminium, form sulphates of 
the type M^SSO^, There are only four insoluble sulphates, 
those of lead. PbSO, ; barium, BaSO, : strontium. SrSO,: 
and calcium. CaSO,. The last named is slightly soluble in 
water (about 1 part in 500). The barium salt is the most 
insoluble, while the lead sulphate follows it very closely. All 
other sulphates are more or leas soluble in water. 

They are \'ery important eompountls. Those of lead, 
barium, strontium and calcium are used as pigments ; while 
others, such as the sodium sulphate, are employed in making 
pigments. 

The characteristic test for sulphates is the production of an 
insoluble white precipitate of barium sulphate on adding a 
solution of barium chloride to one of the sulphate acidified 
with hydrochloric acid. 

The sulphates of lead, sodium, sti-outium, Imrium and 
calcium have already been desci-ibed. Magnesium sulphate 
is the well known and valuable Epsom salts. It is not uaed 
in colour making. 

SULPHUR.— Tlii.s element is important on account of tha 
useful compounds it forms with the metals and other elemen- 
tary Ijodiea To it is assigned the symbol S. It has an atomic 
weight of 3'i It has a yellow colour, and is a poor conductor 
of heat, but is combustible, burning to sulphur dioxide. It 
18 capable of combining with all metals, forming a class of 
coinpounils known as sulphides. Some of these are used aa 
pigments, viz., mercury sulphide (vermilion), cadmium sul- 
phide (cadmium yellow), antimony sulphide (antimony orange). 
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ai-senic sulphide (king's yellow), aiid zinc i^ulphide (zinc 
white). Combined with oxygen it forms two oxides, the 
dioxide, SO^, aud the trioxide, SO,, both of which are acid 
oxides capable of combining with basic oxides, the fir.'st, to 
form sulphites; the last, to form sulphates. See Antimimy 
Oranifi:. Cailniiuni, Yi-.Unw, Kivj's^ Ydlow, Vermilion, Zinc 
WliUe. 

SULPHURIC ACID Probably the most unportant acid 

known. It is manufactured on a very large scale, and is 
applied in a great number of the chemical aud allied indus- 
tries, dyeing, calico printing, colour making, etc. It is a 
compound of sulphur, hydrogen and oxygen, in the proportions 
represented by the formula, H.jSO^. It is manufactured by 
passing the vapours of sulphur dioxide, nitric acid and steam 
iuto large leaden chambers where a reaction takes place and 
sulphuric acid is formed in the state of solution. This weak 
acid is then concentrated by evaporation until it reaches a 
specilic gravity of 1'846 (169' Tw.), and contaiuing about 
98 per cent, of actual sulphuric acid. 

Sulphuric acid or, as it was commonly known, nil of 
vitriol, is a heavy oily liquid of 184 to 1'86 Hpeciiic gravity. 
It mixes with water in all proportions, the mixture giving 
rise to the evolution of much heat ; hence in mixing these two 
liquids great care must be taken or accidents may happen. 
The aeid should be poured into the water, never the water 
into the aeid. 

It will be noticed that the specific gravity increases with 
the proportion of sulphuric acid up to a certain point, that is, 
when there is 977 per cent, of actual acid present, then the 
gravity is 1'8415 ; after which it decreases again, and an acid 
of 999 per cent, strength is actually lower in gravity. The 
same phenomeoou is observable in the case of other sub- 
stAnces, for example, acetic acid (see p. 6). 
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The following table shows the specific gravity and strength 
of solutions of sulphuric acid : — 



Table of Specific Gravities of Sulphuric Acid 
Solutions at 60" F. (15° C). 



Degrees 


Specific 


Per Cent, of 


One Gallon 


• 


Twaddell. 


Gravity. 


H2SO4. 


Weighs ; Contains 






\ 


Lb. 
12 


Lbs. H^4. 


40 


1-200 


27-32 


3-24 


45 


1-225 


30-48 


12i 1 3-73 1 


50 


1-250 


33-43 


12 


4-2 


55 


1-275 


36-29 


12- 


4^ 


60 


1-300 


3919 


13 5 


65 


1-325 


42-08 


13i ; 5-5 


70 


1-350 


44-82 


m ' 6 


75 


1-375 


47-47 


m 


6-4 


80 


1-400 


5011 


14 


t 


85 


1-425 


52-63 


14J 


75 


90 


1-450 


55-03 


l^ 


8 


95 


1-475 


57-37 


U4 


8-4 


100 


1-500 


59-7 


15 


9 


105 


1-525 


62-0 


m 


9-45 


110 


1-550 


(54-26 


15j 


10 


115 


1-575 


<>6-30 


15} 


10-44 


120 • 


1-600 


68-51 


16 


11 


125 


1-625 


70-74 


16i 


11-85 


130 


1-650 


72-87 


16^ 


12 


135 


1-675 


74-97 


163 


125 


140 


1-700 


77-17 


17 


131 


141 


1-705 


77 60 


17 


13-22 


142 


1-710 


78-04 


171 


13-23 


143 


1-715 


78-48 


17-15 


13-25 


144 


1-720 


78.92 




13-67 


145 


1-725 


79-36 


13 69 


146 


1730 


79-8 


17-3 


1381 


147 


1-735 


80-24 


17-3 


13 9 


148 


1-740 


80-68 


17-4 


14 


149 


1-745 


81-12 


17i 


141 


150 


1-750 


81-56 


17$ 


14-27 


151 


1-755 


82-00 


17} 


144 


152 


1-760 


82-44 


17-6 


14i 


153 


1-765 


82-88 


177 


l4-<> 


154 


1-770 


83-32 


1^1 


14J 


155 


1-775 


83-9 


17J 


14-9 
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Table of Specific Gravities of Sulphuric Acid 
Solutions at 60° F. (15° C.) — (continued). 



DegreeH 
Twaddell. 


Specific 
Gravity. 


• 

Per Cent of 
H-^0,. 


One Gallon. 


Weighs 
Lb8 


Contains 
Lbs. H2SO4. 


156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
168 
168 
168 
168 
1(>8 
168 


1-780 

1-785 

1-790 

1-795 

1-800 

1-805 

1-810 

1-815 

1-820 

1-826 

1-830 

1-835 

1-840 

1-8410 

1-8415 

1-8410 

1-8400 

1-839 

1-81«^ 


84-5 
851 

85-7 

86-3 

86-9 

87-6 

88-3 

89-05 

90-05 

9100 

921 

93-43 

95-6 

97-00 

97-7 

98-2 

99-2 

99-7 
9<)-9 


17-8 

17-8 

18 

18 

18 

18 

181 

18-1 

18^ 

isj 

18-3 
18-35 
18-4 
18-4 
. 18-4 
18-4 
18-4 
18-4 
18-4 


15 

15-2 

15-3 

15-5 

15-64 

15-81 

15-98 

16-21 

16-4 

16-6 

16-i» 

17-2 

17-6 

17-8 

18 

18 

m 

184 



Sulphuric acid acts upon most metals, the result bein^j the 
evolution of hydrogen or of sulphur dioxide and the formation 
of the metallic sulphates. On iron, zinc, copper, mercury and 
some others, the acid has no action when concentrated and in 
the cold ; but, if heated, sulphur dioxide is given off. Lead in 
slowly dissolved with evolution of hydrogen. This inaction 
of strong sulphuric acid on certain metals is taken advantage 
of in acid works for the storing and transport of the acid from 
place to place, iron vessels being used for the purpose. Dilute 
sulphuric acid has a solvent action on iron zinc, magnesium, 
etc, with the evolution of hydrogen. On lead, copper and 
a few other metals dilute acid has no action, either cold or 
hot. 
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With the exception of the sulphates of barium, strcmbiun, 
calcium and lead, which are insoluble, the sulphates are soluble 
in water. Barium sulphate, which occurs naturaUy as tie 
mineral barytes, is one of the moat insoluble substancee knowa 
Lead sulphate is soluble in hydrochloric acid. Calcium sul- 
phate is slightly soluble in water and in acids. Strontium 
sulphate is very insoluble. 

The sulphates are very extensively employed in the indus- 
trial arts, barium, strontium, calcium and lead sulphates as 
pigments ; sodium sulphate in glass making, etc ; magnesium 
sulphate in various operations : copperas (ferrous sulphate) b 
colour making, etc. 

The best teat for sulphuric acid and sulphates is that it 
will give a white precipitate of barium sulphate with barium 
chloride, which is insoluble on boiling with hydi'ochloric 
acid. 

The strength of a sample of sulphuric acid may be tested 
either volumetrically or gravimetrically. If the sample of 
acid be free from any other acid sul»stances then the voln- 
metrical process may be used. Five grammes of the acid are 
weighed out and dissolved with water to 200 c.a Twenty 
c.c. of tliis solution are taken, a little phcnol-phthalein i» 
added, and the solution is titrated with a standard nonnkl 
solution of caustic soda until a red colour is obtained. The 
number of &c useil multiplied by 0-049 gives the weight of 
acid present. If the sample of acid should contain other wnd 
constituents then tlie gravimetric process must be used. Two 
grammes of the acid are weighed out, dissolved in water, and 
a little hydrochloric acid added to the solution, which is then 
brought to the boil an<l sutHcieut barium chloride added to 
precipitate all the sulphuric acid as barium sulphate. Thiaj 
precipitate is then filterod off, well washed with water, dried, 
burnt in a crucible and weighed. The weight of the bariuta 
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Hulphate so obtained multiplied by 0"420(i ^ives the weight of 
Bulpharic acid present. 

Sulphuric acid has a moBt powerful action on organic sub- 
stances. In general it acts as a dehyrtrating agent in virtue 
of its great affinity for water, resulting in carbon being set 
free from many organic compounds, especially if their com- 
position be at all complex. Thia is the case with sugar, starch, 
tartaric acid, etc In some cases it takes up the elements of 
water with the formation of simpler compounds, as is the case 
with alcohol, oxalic acid, eta With other bodies, benzene, 
indigo, naphthol, eta, it forms what are known as sulphonic 
acids, hydi'ogen being taken out and replaced by the group, 
HSOj. Generally these sulphonic adds are soluble in water. 
This reaction Is taken great advantage of in the manufacturer 
of the coal-tar colours. On turpentine sulphuric acid acts a 
a polymerising agent, converting the turpentine into a com- 
pound with a much higher boiling point 

Tile same phenomenon occurs with tlie olefine series of 
paraffin hydi'ocarbons. On oils sulphuric acid has a charring 
action, and great heat i-s evolved, which is greatest in the case 
of linseed oil. On castor oil and some other oils sulphuric 
acid exerts a sulphonating action and fatty acid products are 
obtained which are soluble in water. On this property ia 
based the use of castor oil in making alizarine oil or oleine oil 
for use in dyeing anil calico printing. 

Sulphuric acid is the strongest acid known. It will lilwrate 
all other acids from their combinations with basylous bodies 4 
— tliis property being used in chemical manufactures for pre-^l 

ing various acids. 



"bxyj 

suhil 

L 



SULPHUROUS ACID.— When sulphm- is burnt in air or 
ixygen it forms the oxide, sulphur dioxide, SO^. Thia i 
uhible in water and there is then formed a solution of 
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sulphurous acid, BUSOg. The acid itself is unknown, for all 
attempts to prepare it have failed. 

Sulphurous acid and sulphur dioxide have the peculiar 
pungent odour characteristic of burning sulphur. They exert 
a bleaching action on organic colouring matters, and hence are 
largely used for bleaching wool, silk and other textile fibres. 
With the basic bodies sulphurous acid forms sulphites, many 
of which have some commercial interest. The acid sulphites, 
or bisulphites as they are called, are used as antiseptics, as 
also in bleaching, dyeing and calico printing. 

Sulphites are of no particular interest in the colour in- 
dustry. They are mostly soluble in water, are decomposed 
by acids with evolution of sulphur dioxide, and when ti'eated 
with nitric acid or other oxidising agent are converted into 
sulphates. 

T. 

TERRA ALBA. — A name freciuently given to ground 
gypsum. See Gypsum. 



TERRA VERTE or TERRE VERTE.— A natural jrreen 
pigment found in many places. At one time it was greatly 
used for painting, but of late it has shown a tendency to l)e 
neglected for this purpose. Verona green or Verona earth 
is a similar pigment. The couiposition of terre veite varies 
considerably. Berthier gives the following analysis : — 



Silica, SiO.j 
Oxide of iron, FeO 
Soda, Na.O 
Alumina, Al.jOg . 
Magnesia, MgO 
Water 
Manganese 



Per Cent. 

51-21 
20-72 
6-21 
7-25 
616 
tl-49 
trace 
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Klaproth tfives the following analysis of a sample from 
Cyprus : — 

Per Cent. 



Silica, SiO^ 


51-5 


Oxide of iron, FeO . 


20-5 


Potash, K^O 


18-0 


Magnesia, MgO 


1-5 


Water .... 


8-0 



The following is an analysis made by the author of a 
sample of terre verte from Rome : — 





Per Cent. 


Hygroscopic water . 


1-45 


Combined water . . . , 


3-65 


Oxide of iron, FeO . . . . 


26-87 


Alumina, AL^O^ 


3-16 


Tiime, CaO 


2-06 


Silica, SiO, 


52-12 


Magnesia, MgO . . . . 


10-66 



From these analyses terre verte appears to be a double 
silicate of ferrous oxide and magnesia or other alkaline base. 
In the last case the pigment consists essentially of the mineral 
bronzite, a double silicate of magnesia and iron, the latter 
metal being present in the metallic condition. 

Terre verte is a permanent pigment, and may be used 
with all vehicles. It is, however, deficient in body and 
strength of colour. Heat turns the colour of terre verte a 
reddish colour. 



TANNIN BLACKS are varieties of black pigments pre- 
pared by acting on various tannin materials with iron salts. 
They are very little used. 

TESTING PIGMENTS.— Pigments may be examined in 
several ways. One may have regard to their chemical com- 
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position. This is of importance in connection with such as 
white lead, zinc oxide, vermilion, red lead, cadmium yellow, 
emurald gieen, wliich are definite in their composition and wb 
comparatively costly. In cases like ochres, umbers, Brunswick 
greens, where the chemical composition varies very mu^ 
then a chemical examination is of little value. 

Pigments owe their value as paint formers to the poasw- 
aion of certain properties in a greater or leigs intensity, 
First, they should be permaTvent when exposed (o li^hi 
and air. Home, such as crimson lake, carmine, etc., fade 
when used as paint. Others, like the ochres, oxide reds, 
ultramarine, are '{uite permanent. Then the pigment sboolil 
possess opacify, which gives it what the painter calls hodij, 
that is, the power of hiding the surface of the object on which 
the paint is sproail. Colouring power should be a strong 
feature of pigments. Another property of- value is tli« 
cnveTlnfj power of pigments, that is, the comparative extent 
of Bui-faco they will cover when mixed with oil, etc., into a 
paint. Zinc white, for instance, has a greater covering power 
than white lead. On the other hand, its body is not sogooii 
Painters frequently confuse body and covering power tugotho'. 
They are certainly closely related, but they aro distinct. 
Another feature of pigments should be their power of muetfl^ 
with other pi;fments. Some, such as ultramarine, cannot be 
safely mixed with white lead or other pigments containing 
lead without risk of their becoming black. On the other 
hand, oxide of iron reds and ochres may be mixed with all 
other pigments without any fear of ulterior change. 

The following directions for testing pigments for tlia 
properties euuraenited above will be found useful : — 

1. Colour or Hue. — There are certain terms employed by 
colourists which are confusing in their application.<L ThoM 
are colour, hue, tint and shade. The two latter are in cooataai 
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use. Some persons distinguish between the two, inasmuch as 
tliey consider a tiut of 3 colour to Ije one obtained by mixing 
tlie colour with white ; and, on the other hand, by shade they 
mean that modification which is or can be produced by mixing 
the colour with black. In the gi-eat majority of cases the 
term tint is used for denoting those colour effects obtained 
by using only a small proportion of the colouring matter; and 
shmh the effects obtained by using a large proportion of 
the colouring matter. It is in this sense that the dyer and 
textile colourist iisea the term. The painter may also apply 
them in a similar way. In this case he will produce his 
tints by mixing his pigments with a white body colour and 
) shades by mixing them with black or some other dark 



[ By hue ia meant that optical ottect which the colouring 
litter produces when viewed by tlie eye. ITiis is important 
I connection with pigments. Some, such as vermilion or 
Iterald green {which are constant in their chemical com- 
Bitiou), do not differ much ; but in other cases, chrome 
Hows, Brunswick orreens, oebres, veiTuilionettes, etc. (where 
i chemical composition ia not a definite one), the hue may 
siderably ; and as it is important in decorative work 
■t the tint of a particular work shall be kept uniform 
roughout, it is necessary that the painter should always 
! pigments of one uniform tiut or hue. Figments may be 
tomined for this pi-operty in a very simple manner. A 
set of white paper is placed on a table in front of a well- 
^ted window, then a little of the sample to be examined is 
xd in a small heap on the paper and the top Battened 
rith a palette knife so that a level surface is exposed. 
ixt there is placed a similar heap of a standard sample (for 
i feature of pigments can only be observed by comparison) 
joining the first heap, the hue of the two oamples compared 
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together, and the direction in which the two differ noted. 
Thus, of two samples of chrome yellow one may have a 
greener tint than the other. One .sample of ultramarine 
may be redder in hue than another sample. This ia a 
aimple method of making an examination of colour. To 
obtain satisfactory results the light must be good and the 
observer must be able to appreciate minute dilterences in the 
hue of the colours compared. By this mode of testing the 
hue of one sample is compared with that of another and 
8tandar<l sample. In considering hue of a pigment two points 
may he taken into account : first, dfpth ; second, the ttrat. 
One colour or pigment may be as deep in colour, but difier in 
what is known as tone or hue in the manner indicated above. 
A ditierenee in depth may show some difference in the colour- 
ing power of a pigment, while a diS'erence in tone may, and 
often does, have au influence on the use of the pigment tvr 
various purposes. Thus, for instance, greens are frequently 
made by mixing chrome yellow and Prussian blue together. 
A yellow which has au orange tone about it will not make aa 
good a green as one which is greenish in tone. 

Another important feature of pigments, wis., the brUfianu 
of hue, may he compared at the same time as the main pro- 
perty just dealt with. Tliis is important, for pigments often 
vary in brilliancy. Some samples of vermilionettes are much 
brighter than othei"s. The same thing occurs with ochres and 
many other kinds of pigments, 

2. Colouring Power. — Colouring power is that property 
of pigments by which they are enabled to impart colour to 
various bodies. This power varies very much even in the 
same kind of pigments. Thus, of two samples of iron red, ona 
may have ten times the power of the other. Some pigments 
have gi-eat colouring powers, Prussian blue for instance. One 
11), of this pigment will give a perceptible blue tint to I 
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cwt. of white leail. On the other han'l, I lb. of smalts 
wowlil have but little iuttuence on the tint of the white 
lead. Home pigments, Prussian blue, ultramarine, carmine, 
vermilioiiettes, are used solely on account of the colouring 
power they possess. 

The colouring power of pigmentu is tested entirely in a 
comparative manner, the following method being adopted : 
Ten grammes of the sample are mixed with 30 grammes of 
china clay ; 1I> grnmmes of a standard sample of the name 
pigment are also mixed with 30 grammes of china clay ; then 
the tints of the two mixtures are compared in the manner 
described above. That mixture which has the deepest tint 
has been made with the sample which lian the strongest 
colouring power. Some idea, of the relative strength of 
colouring power may be obtained in the following 
To the darkest of the two mixtures 2 graniines of china clay, 
are addc<l and well mixed with it. The tint of thi 
mixtures may now" be compare^l. If the tint is still th« 
deepest 2 more grammes of china clay are added, mixed and 
the tint again compared ; this operation is repeated until 
the two mixtures are of the same tint. It may be assumed 
that the colouring power is proportional to the quantity of 
china clay used. Thus, if in one case 30 grammes of china 
clay were used, and in another sample 37"5 grammes, then the 
ratio of colouring power would be as 30 to 37-5 ; or, if the 
wjlouring power of the strongest sample be taken as 100, then 
the colouring power may be expressed. in percentages. In 
this case it will be as 37-5 : 30 : : 100 : SO; that is, the 
weakest colour has only 80 per cent, of the colouring power 
of the strongest sample. 

As a toning colour for ascertaining the colouring powi 

of all pigments except whites china clay may be used with 

good results. Gypsum also makes a good toning colour. 
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White lead and barytes are a trifle too heavy. For white 
pigments animal black makes a good toning coloui'. 

3. Covering Power. — The painter often confuses toj^ether 
two properties of pi^nientM, viz., covering power and body. 
This is in eonsetjuence of both these features showing them- 
selves at one time, and the <lifference not being carefully 
differentiated by paiutei-s and writere on painting and ptg- 
menta. It is yomewhat difficult to define covering power, 
but by it is meant the spreading power of the pigment wheu 
made into paint as indicated by the exteni of Kiirfacu that 
may be covered by it. If equal weights of various pigmente 
be mixed with raw linseed oil, sufficient being used in each 
case to convert the pigment into a paint of working con- 
sistence, and each paint be spread carefully over a surface ia 
as uniform a mannei' as possible, then that pigment whidi 
gives a paint that can be spread over the greatest surfaoe haa 
the most covering power. The paint should be spread over 
a square or rectangular surface, so that the extent of surface 
may be readily measured. As an example of how this method 
can be worked the following are some figures obtained by the 
author : Two grammes of wliite pigment were mixed wili 
raw linseed oil in sufficient quantity to euable them to spread 
properly. The sui-face covered was measured, and the follow- 
ing relative figures were obtained :— 



White lead (Dutch procesa) 



White Lead Co.'b white lead 

Gypsum . 

Barytes 

Orr's patent /i 

Zinc white 

Lead sulphate 

White lead (Gardner's proceBs) . 

From which it appears that Ott'b white excels othem i 
covering power, while white lead ls among the lowest. 



760 
1.120 
1,440 
1,144 
1.500 
1.1.52 

640 
L056 
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Body. — Thia is a moat important property of pigmenta 
ITkad one which largely governs their uae in painting. A pig- 
ment may possess good colouring and covering powers, but 
may be deficient in body. It will, therefore, not be so exten- 
sively used as a pigment which may have good body, but be 
more or leas deficient in the other two properties. By body 
is meant the power of hiding the surface on which the paint 
is spread in whicli the pigment is used. Painters distinguish 
between body colours and stainer colours. To the former 
class of pigments paint owes its consistency, while to the 
latter it owes its colour. Boily is tested in the same way 
as covering power. The pigment is made into a paint with 
linaeed oil and spread over a piece of glass or, prefei-ably, a 
black surface. That pigment wliich, on holding the glass up 
to the light, obscures it the most, or which most etfectually 
ht<Ies the black surface has the most body. The body .of 
pigments cannot well be measured in figures. It is only by 
comparing both the covering power and body that the true 

^110 of pigmentM can he determined, 
5. Durability or Permanence.— Durability to exposure to 
viiL' weather, light, etc, is one of the most important properties 
a pigment should possess. When a pigment is made into a 
paint and this is used then the paint is exposed to inBuences 
of a destructive character. First, there is the action of light 
on the colour. Some colours cannot be exposed for any length 
of time without fading. Of such crimson lake, yellow lake, 
emerald green, are exampi&s. There are others, however, 
which resist the destructive action of the light ; such are 
yellow ochre, Indian red, Prussian blue, ultramarine, etc. 
Others, again, are but slightly alfected. Then exposure to 
the alternations of weather has a destructive action on pig- 
ments and paint. It i^ a well-known fact that paint has a 
longer life when used on indoor work than it has when used 
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on outdoor work. The changes of heat and cold caiise espan- 
aion and contraction which, sooner or later, leads to cracking 
and other defects. Moisture, again, plays a great part in 
leading to the destruction of paint, mainly by so destroying 
the oil that the pigments are no longer held to the surface by 
an adhesive material and are washed away. 

It is by no means' easy to test the durability of pigments, 
as a very long time is ref]uired for the purpose. Some ex- 
periments made by Messi-a. Abuey and Russell for the Science 
and Art Department on this subject took two years. 

A good plan is to take a boanl with a good surfao?, not too 
porous, and to divide it into squares. Now take the pigments 
to be testefi and rub them into paint with oil or water as may 
hv most convenient. Cover the squares with the paint and 
then expose tlie board to the air and light. At intervals of a 
week observations may be made as to how the pigmcnte are 
behaving. Another plan is to make a number of washes of 
the paint so tliat a .series of graduated tints are obtained. 
Half of these tints are covered up with a piece of Ixiard. while 
the other half is exposed ; then at intervals the tests are 
examined and the effect of the exposure detenuined. 

Tlie author's Manual of Painter's t'oiount may be referred 
to for further details of the metliods of testing colourK here 
diHicrilK'd. See also Jones' Testing ami ValiLati<m uf Haw 
Materials «.«c«/ »n Paint and Colour Manufacture. 

THENARD'S BLUE A synonj-iu of cobalt blue. Sea 

fohall Hlv, 

THUS or CUM THUS The name given to the roaiDOtu 

d«piiHit colifctfl from pine tives and employetl chiefly forth* 
prv]i«ralion of tuii>eutine and rosin \sw Jimin, Ttirptntinf). 
It is usi-il to H suiali extent in making varuishus. It iaasoft 
retanokiB uiass of a dark ereaui colour with an odour of 
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tine. On expoeuitt to air it tecomes hard ami brittle from loss 
of the volatile turpentine it coiitain.s. 

TIN OXIDE or STANNIC OXIDE, having the formula SnO„, 
made by treating metallic tin with nitric acid, whereby it 
is converted into metantaiiDic acid, which m then heated to 
rednesa. Tlius prepareil it is a pale yellowish powder, com- 
monly sold as putty powder. It ia employed in polishing 
glass, making enamels, and for imparting a yellow colour to 
glass and pottery. It is insoluble in hydrochloric, nitric, 
and most other acids. Strong sulphuric acid will dissolve it. 
From this solution water throws down the oxide as a white 
precipitate. Tin oxide i^ soluble in alkaline solutions, forming 
the stannates of the alkaliew. Tin oxide occurs naturally aa 
the mineral cassiterite or tin stone. 

tl TITANIUM GREEN.— The ferrocyanide of titanium, pre- 
pared by mixinj; solutions of potassium ferrocyanide and 
titanium chloride together. It is but rarely used, being 
rather expensive. When tirst introduced it was employed 
rnvB a. substitute for the ai-senical greens. 
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TR AG AC ANT H.— See Gam Trayacant/u 
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TURKEY RED, — A name often given to bright oxide of 
iron reds of excellent quality. See Irun Heds, Oxide litds, 

TURMERIC. — This substance is a natural yellow dyestufl' 
obtained fixjni the root of several plants of Vwraiiina, ; the 
Ijest i.H obtaineil from Cnrcwma tonga. The other more 
important species are Cwrcu/ma tinctm-ia and Curcuma 
rotunda. The principal portion of the turmeric of com- 
merce comes from Bengal and Madras in India. Some 
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bihkII supplies are also obtained from Hiaiu. China and 
Singapore. 

imported turmeric occurs in the forra of i-oot-shaped 
, usually single, but sometimes braiidied. They are 
externally of a ^-eyish colour ; internally they have a deep 
and fairly bright orange-yellow colour. In taste they ara 
bitter and hot ; the odour i-* pungent and characteristic. 
Turmeric root contains 11 to 12 per cent, of a yellow colour- 
ing matter, 10 to 11 per cent, of a brown resin, 1 per cent, of 
volatile oil, 14 per cent, of gummy matter, 57 per cent, of 
starch, soluble salts, etc., and about T per cent, of water. 
Turmeric is also sold in the form of a yellow powder, being 
the root ground up. 

Timneric contains a yellow colouring matter, known w 
curcumiTi, a body to which the formula C|,H|,Oj is given. 
It is but slightly soluble in cold, moi'e freely in hot water. 
It can be extracted from the turmeric by treating with hot 
water, evaporatiutr the solution to dryness, then extracting 
with benzene and puri'^ying by crystallisation from alcohol. 
Curcumiii fonns needle-shaped crystals of an orange-red 
colour with a blue reflection. It is odourless and melta at 
178° C, It is slightly soluble in water, and freely soluUe 

alcohol, methyl aU^hol and glacial acetic add. It is 
insoluble in petroleum ether. In strong sulphuric acid cor- 
cumin dissolves with a purple colour, changing to blaok 
owing to charring. In alkalies it dissolves with a brown-red 
colour. Curcumin and turmeric are very sensitive to alksliee; 
hence tunnerie solution, or paper dipped in it, is employed 
for the purpose of detecting alkalinity in liquid.^. 

A characteristic reaction of curcumin is that in the pre*- 
ence of acid it gives a brown colour with boric acid. Th« 
reaction is umployeil to detect the presence of borax in any 
substance. 
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Ttirmerie root is rarely adulterated, but turmenc powder 
is aometimes mixed with starch and mineral matters. The 
latter can be detected by the increase in the proportion of 
mineral matter present. In (;<hkI turmeric this rarely exceeds 
5 per cent., and is often less. It coiiHists chiefly of soluble 
alkaline salts. An analysis of any mineral matter left on 
burning a sample of tamierie will show if mineral matter has 
been mlded. 8tarch can be best detected by the microscope, 
Its addition also I'eiluces the proportion of mineral matter and 
increases the soluble matter present in the sample. 

Turmeric is eniployetl to give a yellow colour to varnishes 
and .staining fluids, such yellow colour being fairly permanent. 
It is also employed in dyeing, but its use in this industry is 
becoming obsolete, yellow dyeatutTs fi-om coal tar taking its 
place. It is of interest to note that turmeric is capable of 
dyeing cotton without a mordant, being one of the few 
natural eoloui-ing matters capable of doing so. 

TURNBULL'S BLUE.— The blue pigment obtained by 
adding a solution of }X)tassium ferrieyanide to one of fer- 
rous sulphate. It is essentially a femcyanide of iron. The 
name Tumbull's blue is not used commercially, this blue 
being sold under the name of Pmssiau blue. Its propertira 
an' identical with thi- last-named pigment. See Pru-asian 
Hhu:. 

TURNER'S YELLOW.— See Patent Yellow. 

^P TURPENTINE is the term originally applied to certain 
^'Wdnous exudations from trees, chiefly from coniferous trees 
like the pine and fir. Several kinds of turpentine were at one 
time specially distinguished, such as Venice turpentine, Chian 
turpentine, etc., but practically all these have gone out of 
use. or rather the real things are now difficult to obtain, and 
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what are sold under these names are uften artificial produc- 
tionfi. Thi; term turpentine is now applied almost Holely to 
the U<iiiid spirit which is obtained when the crude resin from 
pine trees is subjected to distillation with flleain. In early 
days it was known as spirit of ttirptiitlin; on account of its 
volatile character. It is commonly known now t^j painters 
as turps. 

There cornea into the market three varietie-s of turjMntine, 
American, Russian and French. The tii-sl is tlie principal 
variety. A fair quantity of the Russian turpentine Lssold; 
but of French turpentine but little finds its way into the 
English market — the bulk of what is produced being used 
in France. 

Tlie crude re.sin is collected at certain periods of the year 
from the pine trees ; in America chiefly From the Georj^ 
pine (I^inUH aiietralie) and the loblolly piue (Pinus timUt). 
French turpentine is cliiefly obtained from the maritime pine 
[Pinibs maritima) ; while Russian turpentine is obtained 
from the Scotch fir {Plniis sllvestris). The proces-s of ex- 
traction of the turpentine from the crude resin is, with some 
minor differences in the construction of the apparatus, the 
same in all the countries. The crude material is placed in 
a still and melted by lire. There is then sent into the still 
a current of steam which causes the turpi?ntine to distil over, 
the volatile portions being sent through a condenser where 
the steam and spirit are condensed and How into » reoei%-«r. 
The turpentine Ix'ing the lighte.st collects at tlie top of the 
water ami is taken oH' from time to time, the wat«r bning 
used over ajrain. There is left behind in the still a lii^uid 
residue, which, on being run out, solidities and then forms the 
product known in England and America as rosin (sec lloein) 
and in France as colophony. All the ihtlerent varieties of 
i.urpentine closely resemble one another. 
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Turpentine is a. hydrocarbon coinpoumi havin}^ the chemi- 
chI formula, Ci„H,u. There are. however, a mimber of isomeric 
bodies which are similar in compodtion and in proiwrties. 
Thtwe have been named the terpen fs. They are found in 
natural resins and in various ei^'sential oils. 

The terpenes havu buon the subject of much investigation 
by Berthelot, Tilden, Wallach and other chemists, the result 
of whose researches has been to show that a fairly large 
number of terpenes exist aud to enlarge our knowledge of 
their constitution. Berthelot was one of the fii-st to jwint 
out tliat French turpentine was somewhat different from 
American turpentine, and that Russian turpentine (htiered 
from both. He named the hydrocarbon of American turpen- 
tine, australene ; that from French turpentine, terebenthene ; 
and that from Russian turpentine, sylvestrene. Armstrong 
has .-ihown that American turpentine is a mixture of two 
teriwnes, one of wliieli is identical with that of French 
turpentine, while the other is the same as that found in 
a Burmese pine tree, Piniis Khnsyava. 

Wallach describes nine terpenes, which he names as 
follows ; 1. I'inene ; this is the main coustituent of French 
aud American turpentine, and will be found described below. 
2. Oamphene ; this is a solid tei-pene, a feature in which 
it differs fi-om all other terpenes. It is prepared artificially 
from pinene, '.i. Fenchene is also an artificial tei-pene, 4. 
(Jimoneue ; found in essential oils Ijelonging to plants of the 
family AuTtintUfceu:, such as oils of lemon, orange, Iwrgamot, 
etc 5, Dipentene ; found in oil of camphor, Russian and 
Swedish turpentine, etc. 6. Sylvestrene ; the characteristic 
terpene of Russian turpentine and Swedish turpentine. 7. 
Phellandrene. which is found in various eswential oils. H. Ter- 
pinene ; found in .several es.sentia] oils. !), Terpinolene ; 
a rather rare ter[jene. Of these it will only be ueces,sary 
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to speak of pinene and aylveNtrene, wliicli are found in the 
chief commercial turpentines. 

Pi neve is a eoloiirle^as or water-white mobile liquid, having 
a peculiar and characteristic odour. It« specific gravity accord- 
ing to Tilden is 0-8749. Wallach gives it as 0860. It boils 
at from 1.5.5° to 156° C. When rlry hydrochloric acid gas is 
passed into it combination ensues, and a cr^titalline body, 
very closely resembling camphor in appearauet? and odour, 18 
obtained. This aulwtance, l>y heating with caustic pota^ 
under pressure, yields the aoliil terpene, camphene. When 
pinene is exposed to sunlight in the presence of water a 
crystalline oxidation compound is formed, which has be^i 
named by Armstrong soljrero!, the composition buiag repre- 
sented by the formula, CjuH|^0„. There is also a tendency 
to form a crystalline hydrate, C,„Hm3H„0, which ia aoluUe 
in alcohol, insoluble in turpeutiiie, slightly soluble in water, 
and sparingly soluble in ether, chloroform and carbon bisul- 
phide. 

One of the chief properties of the terpenes is their activity 
to polarised light, which they rotate more or leas. There arft 
two varieties of pinene, which ditl'er from one another solely 
in the direction in which they rotate polarised light. Om 
turns it to the right, and is known as dextro- pinene ; tit* 
otlier rotates it to the left, and is known as ItBvo-pinene. The 
latter is found in French turpentine, while the former is the 
chief constituent of American turpentine, wliich is a mixture 
of both pinenes in variable proportions. The air oxidation 
products, the sobrerols, from these two pinenes have abo 
similar differences of right ami left handedness. A uiixtnro 
of the two pinenes in equal proportions would not havo any 
rotatory effect and would be optically inactive. 

Sylvf.atrf.ne. ia the characteristic terpene of RusKiaii awl 
Sweihsh turpentine derived from the Scotch hr, FinuA Biflvea- 
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tris. It is a colourless or water-white liquid, having a specific 
gravity of 0846 at 20^ C, and boiling at 175° C. It has a 
dextro-rotatory action on polarised light. Dry hydrochloric 
acid gas when passed through sylvestrene forms a liquid 
hydrochloride of the formula, Cj^H^^^HCL When exposed 
to air and moisture it is more easily oxidised than pinene. 
The other pinenes are of no importance to the painter. 

The properties of commercial French and American tur- 
pentines are so very similar that one description will suffice 
for both. Turpentine, as it is found in trade, is a water- 
white, limpid li(iuid, having a peculiar and characteristic 
odour which distinguishes it from other liquids. The specific 
gravity varies slightly from 0864 to 0*870, the usual average 
being 0*867. French turpentine is usually more uniform in 
its gravity than American turpentine. It begins to boil at 
from 156" to 160" C, and is completely distilled at HO"' C. If 
the sample be a fresh one there will }>e but a slight residue 
left on distillation. Old samples, however, may leave from 
2 to 5 per cent, of a resinous residue. 

Turpentine is readily combustible, burning with a smoky 
flame and evolving a characteristic odour. Turpentine has a 
flashing point of 97" to 100" F. (36" to 38" C). 

Turpentine is readily miscible with ether, alcohol, carlK)n 
bisulphide, benzene, petroleum spirit ; it is insoluble in water. 
It is a g(x>d solvent for fats, oils, waxes, resins and similar 
products. 

On expasure to the air turpentine absorbs oxygen slowly 
and becomes thick, viscid and fatty in appearance. Finally, 
on prolonged exposure, it forms a hard resinous substance. 
In thin layers, such as are formed in painting, there is less 
oxidation, as a larger proportion of the turpentine evaporates 
off. The oxidation of the residue is, however, more complete, 
and a hard resinous coat is left behind. This property dls- 
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tinguishes turpentine from all other spirituous solvents of 
a similar chai-acter ; these evaporate away completely without 
leaving any residue behind, so that for painting purposes 
they ai-e not so good as turpentine. Of the two varieties of 
turpentine American has greater absorhinv properties th»n 
French. 

Sulphuric acid in the cold ba^ little action on turpentine. 
If the two bodies are repeatedly distilled together under a 
reflux condenser the lurpentiue becomes polymerised. Gene- 
rally two iMxiiea are formed. One of these has been named 
tereljene. It has the same formula as turpentine, Ci„H„„ hut 
has ft boiling point of 100" C. The other has beeu named 
colophene. It has the formula, Q.^'B^,, boils at 300° C, 
and is the main product of the reaction. This property of 
polymerisation distinguishes turpentine from such bodies 
petroleum spirit, naphtha, etc. 

Nitric acid acts very energetically on turpentine. If tlu 
acid is sti'ong, the turpentine is often set on (ire. The pro- 
ducts which are obtaiueil vary with the strength of the acidi 
temperature, etc., but are e.ssentittlly oxidation product*. 

Chlorine, bromine and iodine act with great energy os 
turpentine— com bu.st ion often ensuing. 

Turpentine has a rotatory action on jx)larise<l figbi 
pi-operty which distinguishes it from Ijenzene, |)etrol«ua 
spirit and rosin spirit. French turpentine ixitatetj th« nf, 
to the left ; as measured in a polarimeler the rotation 
- 30. This is fairly constant, showing that French turpen- 
tine has a uniform composition. American tm-pentine 
the ray to the right, the specific rotation being on an avi 
+ 12. It varies, however, from + S to + 16, which poiuts 
its containing both a Isevo and dextro terpene, tlie proportitfl 
of which varies fi-om time to time. 

Russian turpentine resembles Americiui turin-ntine in many 
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of it*i properties, such an its solvent properties, the action of 
sulphuric and nitric aeicis, etc. It is rather more variable in 
specific gravity, which may range from 0'862 to as high as 
0-H73. It beginH to boil at 156° C, but is not completely 
distilled at ISO" C, the great bulk of the spirit passing over 
at from 172" to 17-1° C. This greater range of temperature 
in distilling points to the fact that Russian turpentine is 
moi-e complex in its composition than American or French 
tui-pentine. It has an odour resembling that of American 
turpentine, but differing slightly therefrom. It is rather 
more volatile in ite character, is more prone to oxidation and 
on exposure to the air becomes viscid, Kingzett gives the 
formula, C|||H,,0,, to the oxidation product and camphoric 
peroxide. This on heating with water gives rise to camplioric 
acid, CiiiHiiiOj, and hydrogen peroxide, H,jO,;. On this pro- 
perty of Russian turpentine is based its use in the preparation 
of " Sanitfts," a di.sinfeetant. 

Russian turpentine exerts a dextro-rotatory action on 
polarised light, the speciKc rotation varying from + 15 
to + 23, which shows that it varies in composition. 

Tui-pentine is frequently adulterated, the adultei'ants 
usually employed Ijeing petroleum spirit, shale naptha, rosin 
spirit and coal-tai' naphtha. The fact of the adulteration 
and the nature of the adulteration is easily ascertained, but 
it is not so easy to ascertain the extent of the adulteration 
as it is very difficult to separate the adulterants added from 
the tui-pentine. 

The specitic gravity may he applied as a test for the purity 
of turpentine. That of pure turpentine may be taken as 0867. 
If the .sample has a lower gravity it points to the addition of 
petroleum .spirit or shale naphtha. If higher to the addition 
of rosin spirit. Coftl-tiir naphtha has little influence on the 
gravity. 
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Tbu temperature at which the aample boila and distJla 
is a valuable lest for turpentine. If the aample distils below 
the boiling point of water then petroleum spirit or shale 
naphtha has been addeii If the sample boils above the boil- 
ing point of water aud the temperature of distillation ranges 
to bej^ond 180° C then coal-tar naphtha or rofci spirit have 
been added. See Benzoliw,, Coal-tar Napkl/iaMiosin S/'irit, 
Slude Naphtha. 

Turpentine ia largely used in the manufacture of painta 
and vamiahes for the purpose of thinning them down and 
acting aa a solvent for the oil.s and resins used in the pre- 
paration of those bodies. 

TURPENTINE SUBSTITUTES have been brought out of 
late yeai-H under variou,s fancy names, " patent turpentine," 
" turpenteen," " turpentyne," etc. The composition of these 
bodies necessarily varies. Some are simply derivatives of 
petroleum or shale spirit, having a rather heavier gi»vity 
than benzoline or shale naphtha. Others are mixtures oT 
rosin spirit, turpentine and petroleum spirit. Some contain 
small ([uantities of rosin. They are more or leas efficient 
substitutes, but whether they are good or bad depend*) on 
their compositiou. 



ULTRAMARINE is one of the most important blue pig- 
ments at the disposal of the painter. At one time it was 
obtained solely from natural sources, being derived by ft 
complex process from the i-are mineral lapis laisuli. It iB 
still prepared in small quantities from this source for the uaa 
of artists, but the great bulk of the ultramarine of commerw 
is manufactured ai'tilicially. Xatural ultramarine aan^j 
-contains 'SS'S per cent, of silica, 34'8 per cent, of alumina, 



ULTRAMARIKE. 335 

2'-i'2 per cent, of HOtJa, 3"1 per cent, of yiilpliiir, aud 3'I per 
cent, of calcium carbuuate ; but its composition is liable to 
vary from time to time. Natural ultramarine ia a pij^ent 
of a fine briylit i>lue tint. It works well in oil or water, anrl 
is nuite permanent when exposed to all ordinary conditions of 
the tttmospliere. It is decomposed by acids, but not affected 
by alkalieB. = 

Artificial ultramarine is made by furnacing a mixture of 
silica, china clay, sulphur, soda, sodium sulphate, rosin ; these 
infjredients being mixed together in various proportious accord- 
in;; to the character of the ultramarine being made, viz., two 
chief varieties of ultramarijie may be distinguished, sulphate 
lill.ramarine, known by its pale greenish-blue tint and ready 
decomposition by acids : and mda ultramarine, wliich is the 
prindpal variety made, Of this there are two kinds, one made 
with a large percentage of silica, wliich is not aft'ecteil in tint 
by being mixed with alum ; the other contains less silica, hut 
is reddened in tone by alum. The former is much used by 
paper makers and is generally known as paper-makers' ultra- 
marine. Several ijuaiities of ultramarine are made varying 
in depth of tone, tint, fineness and other ijuaiities. These 
suit dili'erent purpcaes. Thus the paper-maker reijuires a foe 
grade of ultramarine which will not be altered in tint by alum 
whicli he uses in his size ; the lithographic printer reijuires a 
very tine grade of ultramarine ; the calico printer also wants 
a fine ultramarine, free from grit, so that the liuet> of his 
engraved roller will not become clogged up ; the painter 
desires a bright shade, but he does not require so fine a 
texture as the printer ; the laundress also uses ultramariue — 
a common quality will as a rule suit her purpose. 

Ultramarine is a blue pigment of an exceedingly bright 
character, varying in tint fi-om a pale greenish blue to a violet 
blue. It works well with all vehicles and, hence, is very 
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extensively used as a pij^ent, ia oil painting, water painting, 
distemper work, fresco work, printinfj of all kinds, laundry 
purposes, eta When exposed to all ordinary atmospheric 
conditions it is quite permanent, which is a most impoi-tant 
feature of ultramarine. Its most charactenstic property is 
that when treated with acids, even very dilute ones, it is 
decomposed, the colour is destroyed, sulphuretted hydrogen 
is evolved, and a white precipitate of sulphur ia deposited. 
No other blue behaves in the same manner, so that the action 
of acids constitutes a goo<l test for ultramarine. If the pig- 
ment be boiled with a little strong nitric acid, the first actJon 
is to decolourise it and to give rise to a deposition of sulphur 
in the form of a white precipitate. On continuing the boiling 
the sulphur gradually becomes dissolved, being transformed 
into sulphuric acid, and a gelatinous residue of silica is left 
behind. On addition of ammonia to a portion of the add 
solution ft white gelatinous precipitate of alumina is thrown 
down : while the addition of barium chloride to another 
portion results in a white precipitate of barium sulphsta 
T'ltramariue is unaffected by boiling with alkaline solutions 
of any kind. Some varieties of ultramaiine are reddened 
in tone by being mixed with a solution of alnm or alumina 
sulphate. 

Ultramarine, containing sulphur a^ one of ita ingredieuto, 
cannot Iw mixed with while lead, chrome yellow or other 
lead pigment* without risk of discolouration from the com- 
bination of the sulphur of the blue witli the lead of the other 
pigment to form the black sulphide of lead. Copper pigments 
are affected much in the same way, the black sulphide of 
copper lieing formed. It should be said, however, that tiieee 
changes do not always occur. Sometimes ultramarine may 
Ije mixeil with chrome yellow or white lead without nlU'rior 
effect. 
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Ulti'amarine is a combination of silica, alumina, sodium 
and sulphur. The proportions in which these ingredients are 
combined varies somewhat as shown in the following analyses 
of various ultramarines : — 

AXALYSES OF ULTRAMAItrNES. 





eulphal*. 

28-UO 
9-23 
2'46 

12-49 


Kosp 


Calicu 
l-rintora. 


Psper 
M.k8r8. 

45-42 
21-14 
11-62 

5-57 
1I-90 
6-32 


Green. 

38-52 
28-94 

8-30 

23-68 


Wiljriv Si(.l,,. . . . 
AI,K,.Jn,i-. AIA ■ ■ ■ 

>n!l'l""". ^ 

Siil|.lnir irioKide, fiOj . 

^■■<i->. \:uO 

Wyt.T. H,0 .... 


25-at 

12-95 
4-81 

14-26 
■2-27 


2411 
13-74 

3-04 
15(11 

2tW 



111 what manner these eonstitnenta are combined together, 
in other wortis, what is the chemical constitution of ultra- 
marine, is at present not known with certainty. Many theories 
have been propounded from time to time, Imt none can be | 
said to oH'er a satisfactory solution to the problem. 

Ultramarine is rarely adulterated ; it is too cheap. Whi 
IS sometimes sold as lime blue is simply ultramarine, or 
])i!rUaps, that pigment mixed with a little whiting or gypsum, 
Litundry blues also occasionally consist of ultramarine mixed 
with carbonate of soda. 

Ultramarine should be examineil for strength i>f colour, 
tint, etc., by the tests ijescrilwd under the head of Testing 
Piymeate. The chemical tests have been described above. 
It may be added to those that no violent effervescence should 
be obtained on treating the blue with dilute hydrochloric acid, 
nor should the solution in nitric acid, after precipitating with 
ammonia, give a further precipitate on adding ammoidum 
oxalate, showing the presence of lime. Water should ex- 
tract but a small i^uantity of soluble salts from ultramarine. 
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Further, but a slight precipitate of sulphate of barium should 
be obtained on adding barium chloride to an hydrochloric add 
solution. 

ULTRAMARINE GREEN.— This pigment is not much 
used. It is obtained in the first stage of ultramarine making 
by what is known as the indirect process. In composition 
it resembles the blue ultramarine as will be seen from the 
analysis of a sample of green ultramarine given in the pre- 
ceding article ; it contains rather less sulphur. Its properties 
are identical with those of blue ultramarine. 

ULTRAMARINE RED is a pigment prepared from ultra- 
mai^ne blue by treatment with chlorine. It is of more interest 
from a scientific point of view than a practical one. It is 
little, if at all, used in painting. Its properties are similar 
to those of blue ultramarine. 

ULTRAMARINE VIOLET is, like the last, a pigment chiefly 
of scientific interest. 

UMBERS. — These form a mast important group of natural 
pigments found in many places, Devonshire, Derbyshire, 
Cumberland, Cyprus, etc. The best is that which is known 
as Turkey uml)er, ])ut which is found in the islan<i of 
Cyprus. They are brown pigments varying in shade fnmi 
a yellow brown to a dark brown. There are two varieties, 
raw umhrr, which is the pigment as it is found, and hurnf 
uinhfT, the crude pigment heated in a furnace, whereby the 
colour or tint is rendered darker and warmer. In compa^ition 
umbers resemble the ochres : they are natural earths coloured 
by oxide of iron and oxide of manganese. The following are 
some analyses of umbers : — 



UMBERS. 




Turkey or Cyprus Umber : — 


Per CeiJt 


Water, liygroscopic . 


4-32 


Water, combined 


8-45 


Silica, SiO, .... 


29-56 


Calcium carbonate, CaCO^ 


5-56 


Maaganese, MnO^ 


12-28 


Alumina, hVfl^ .... 


2-73 


Ferric oside, Fe^O^ . 


36-47 


Derbyshire Umber:— 






P«r Cent 


Water, hygroscopic . 


13-47 


Water, combined 


6-17 


Silica, SiO. .... 


4-43 


Calcium carbonate, CaCO.j 


2-60 


Manganese, MaO^ 


11-53 


Alumina, Alp^ .... 


8-07 


Ferric oxide, Fe^Oj . 


22-50 


Barium sulphate, BaSO^ . 


30-10 


Calcium sulphate, CaSO^ . 


2-15 


EniflUh Umber:— 


Per Cent. 


Water, hygroscopic . 


65-00 


Water, combined . 


4-80 


Silica. SiO. .... 


12-30 


Manganese, MnO^ . 


1000 


Ferric oxide, FcO^ . 


6-30 


Lime. CaO .... 


0-60 


Askhurton Umber : — 





Water, hygroscopic . 
Calcium cailxmiitf, CaCOj 
Magnesium carbonate, MgCO, 
fiilica, SiO, .... 
Ferrous carbonate, PeCOj . 
Manganese carbonate, MnCO^ 



PMCent. 

0-8 
46-70 
41-0 

3-3 

2-6 



841) VANDYKE BROWN. 

Uml)oi>4 are pigments of a warm brown colour, varying 
iu tono or hue from yellowish to violet brown, the burnt 
uuiboiN being darker and warmer in tone than the raw 
\niiboi>4. Ah pigments they work well in both oil and water. 
Thty lorm good staining colours, as their colouring power 
\H Htnnig. Ah l)ody colours they vary considerably in quality. 
Tht^v an^ quite permanent on exposure to all ordinary atmos- 
pheric conditions. They mix well with all other pigments 
without themselves undergoing any change or bringing about 
any change in other pigments. They are, therefore, amongst 
the nuKst valued of painters' colours. 

Uinl>ers are not readily attacked by acids, but prolonged 
digestion with strong hydrochloric acid will decompose them, 
a brownish-yellow solution being obtained containing the 
iiH>n, alumina, manganese, lime, etc., present in the umber, 
while there will be an insoluble residue of silica or, in some 
civses, barium sulphate. Alkalies have no action on uml)ers. 
A chemiciil analysis of uml)ers, if required, may be made 
iu the same manner as descrilx^d under ochres. 

As uuiIkm-s vary somewhat in their value as pigments it is 
inijH>rtant to test them for colouring power, covering power, 
Uulv, etc., in the usual wav. 

V. 

VANDYKE BROWN What the original pigment known 

bv the name of Vandvke brown was like is not known; 
lux'ilvtibly it was a natural earth of the type of the uml)ers, 
Oapjvigh brown, etc. At the present time three varieties 
of Vandyke bi\>wn may Iv met with in common use by 
artists and house fviinters. 

I . Natural earths of a warm brown colour, resembling the 
umlHM>4 but g\nierally contaiuing a little more organic matter. 
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For iiHe OS pigments these natural earths simply reqiiir* a 
thorough grinfling. They are good pigments, work weM in 
oil or water, and are permanent. Tn their generaL^com- 
position they resemble the umbers and answer to the same 
chemical tests. 

2. Made by heating cork cuttings or waste, twigs of trees 
and other vegt'tabie matter. Vandyke browns made in this 
way have a warm brown coloiu- of a reddish hue. They mix 
very wirll with oil or water, have strong colouring properties, 
but are somewhat deficient in l)ody. 

Such a browTi has a composition analogous to the follow- 
ing :— 



Organic matter and water . 
Calcium carbonate, CaCO.. 
Oxide of iron and alumina . 
Alkaline salts 



70-29 
;j'49 



24-60 



Many oF the common Vandyke browns, especially those 
led by the house painter, are mixtures in various proportiona 
I lamp black, Indian red or similar pigments, and necessarily 
take of the properties of the pigments from which they 
! made. Ah a rule they work well in oil, are ({uite per- 
Utnent, and have a better body than Vandyke browns made 
torn vegetable matter. 

VEGETABLE BLACK The name given ki a very light 

iriety of lamp black collected in the chambei-s at the fai-thest 
point from the oil furnace. It is almost pure carbon, containing 
a small proportion of moi.sture and occluded gases. It ia 
1 for it'f intense black colour and strong colouring power, 
i hence is used in making printing inks of tine quality. 
t is also employed in making the best black varnishes. Its 
nperties are identical mth those of lamp black and carbon 
lee Carbon Black, Luvip Blncl-. 
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VENETIAN RED. — The name given to a red pigment 
made by heating ochres. It has a light red colour, works 
well in oil or water, generally possesses good covering powers 
and body, but is somewhat deficient in colouring power. It 
is largely used in house painting. 

In its general chemical composition and properties it 
reseujbles the ochres. See Ochres, Oxide Jietls, 

VERDIGRIS. —This compound, at one time largely used 
as a pigment, but now almost entirely obsolete for that 
purpose, is the l)asic acetate of copper. It is a pale greenish- 
blue pigment, iX)or both in colouring power and body. It 
is not permanent when exposed to the air. 

Verdigris generally has a slight acid odour. It is insoluble 
in water, but dissolves in acids with a pale greenish tint. On 
adding ammonia to this solution the characteristic deep blue 
colour of ammoniacal copper solutions is obtained. On iieating 
with dilute sulphuric acid the odour of acetic acid is evolved. 
Verdigris should answer to the following te.sts : It should 
dissolve in hydrochloric acid without etf'ervescence. On adding 
sulphuretted hydrogen to this solution a black precipitat-e of 
copper sulphide should be obtained. On riltering this off* and 
adding in succession to the filtrate ammonia, ammonium sul- 
phide, ammonium carbonate and ammonium phosphate, no 
Further precipitate should be obtained. On adding barium 
chloride to the acid solution there should be no white pre- 
cipitate of barium sulphate. 

VERDITER. — This pigment is a basic carl)onate of copper, 
prepared by precipitating copper sulphate or some other 
copper salt by means of carbonate of soda. It is a pigment 
of a pale greenish hue, deficient in colouring j)ower and tody; 
hence it is now rarely used as a pigment, the inti*oduction of 
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the Brunswick greens having caused it to become obsolete. 
Verdi ter can be recognised by, and should answer to, the 
following tests : It dissolves completely in hydrochloric acid 
with etfervescence. On adding ammonia to this solution the 
deep azure blue solution characteristic of copper will be formed. 
On passing a current of sulphuretted hydrogen gas through 
the acid solution a black precipitate of copper sulphide will 
be obtained. On filtering this off and adding in succession 
ammonia, ammonium sulphide, ammonium oxalate, and 
ammonium phosphate, there should be no further precipi- 
tate. Barium chloride should not throw down a precipitate 
from the aqueous solution. 

VERMILION. — This important pigment is the sulphide of 
the metal mercury, and lias a composition corresponding to 
the formula HgS. It is prepareil by su])Iiming a mixture 
of mercury and sulphur and })y heating a mixture of mercury 
and sulphiu* with an a(]Ueous solution of caustic ix)tasli. 

Vermilion is a pigment of a Kne scarlet-red colour. It is 
heavy, the specific gravity being 8*2. It ix)ssesses good body 
and colouring powei*s. It is a fairly permanent pigment when 
used with oil. If used as a water colour it tends to turn l)rown 
on exposure to the air. Its great weight causes it to have one 
disadvantage, that is, to settle out in the paint cans. 

Vermilion has the following properties : When heated it is 
volatile. If the heating is done in a close* I tube the vermilion 
will sublime on the cold portions of the tube. If the heating 
be done with access of air the vermilion burns with the pale 
blue lambent flame of sulpliur. Treated with acids it does 
not dissolve ; a mixture of nitric antl hydrochloric acid will 
dissolve it, giving rise to a colourless solution of mercury 
chloride. Alkalies have no action on vermilion. 

Vermilion should answer to the following tests : Heate<l 
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on the lid of a porcelain crucible little or no residue shoold be 
left behind. Treated ^ith hydi-ochloric acid the colour shonld 
not alter in any way and the acid should remain quite, coionr- 
lesa These tests will be found sufficient to determine the 
purity of any pample of vermilion, 

VERMILIONETTES As their name indicates these pig- 
ments are intended to act as snbstituteH for vermilion. Since 
their introduction they have become of considerable import- 
ance to the painter, and are very extensively used where » 
cheap bright red pifrment is required. 

Vennilionettes vary very much in their composition. They 
can lie, and are, made of a great variety of tints, from a pale 
rose to a deep scarlet. They owe their colour to eosine, » 
coal-tar dye which possesses the property of forming lalcM 
with lead ami alumina salts, and consequently can by their 
means be thrown down on to a base. Some vermilionettes 
are made with barytes alone, others with a mixture of baryUs 
and orange lead, some are made with gypsum. The proportion 
of eosine may range from 1 per cent, in pale vermilionettes to 
4 per cent, in deep vennilionette^ 

Vermilionettes, owing to their varying composition, vary 
very much in body and covering power. Some cover verj 
well and have good Ixwly. Others are somewhat detident is 
these properties. All. however, possess strong colouring 
powers. Their tints are as a rule very bright. Tliey vmk 
well in either oil or water. They are not permanent pigiucnta, 
exposure to air soon causing them to fade. Those mack- with 
leail salts are, however, faster than those made with alumiiu 
salts. Used as oil paints they are faster to light than when 
used as water coloiu-s. They do not mix well with spirit ami 
so do not make ^atisfactoiy enamel paints. 

When mixed with alcohol or methylated spirit vennil- 
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iortettes tend to ifive wp their colour to the spirit. The 
BoIutioD thus obtained will have a rose-red colour when 
looked through, hut a peculiar and characteristic bloom or 
fluoresence when looked at — this fluoresence varying accord- 
ing to the particular kind of erjsine used in making the 
vermiliouettes. This is a most ehiiraeteristic test, for these 
pgrnents. 

When vermilionettes made from barytes, gypsum or some 
other white base are heated in a crucible they lose their colour, 
a white or faintly coloured residue only beiu^ left behind. If 
they contain orange lead then a reil residue will be left behind. 
Vermilionettes made with orange lead tura dark in colour 
when mixed with dilute nitric acid. 

Pigments of a similar character to vermilionettes are made 
and sol>l as Royal reds, Imperial red, Victoria red. Signal red. 
Post Office red, etc. 

The painter will re<iuire to examine the supplies of ver- 
milioneltjjs he purchases for colouring; power, tint, covering 
power and borly in the usual way. It will not be necessary 
for his pui-pose to subject them to any chemical tests. 

The manufacturer may desire to tie able to ascertain from 
what mateiiaLs a particular sample of vermilionette has been 
made. This is by no means easy, and it is somewhat difficult 
to give dii-GCtions which will cover every case. The following 
may Ix? taken as hint^ as to the manner of pi-ocecling : In 
oilier to a.scert>ain the kind of the colouring matter, the process 
is to tivat a sample of vermilionette with alcohol and to ob8er\'e 
the character of the tluoi-eseence, as also the tint of the solution 
obtained. 

The mineral portion of the pigment may be examined for 
lead, alumina, barytes. orange lead, by the ordinary methoda 
of chemical analysis. The following notes may serve as a 
guide. If orange leari l)e present the pigment turns dark 
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brown on treatment with dilute nitric acid. On digesting 
it with strong nitric acid for some time the red colour 
gi'adually disappears and on diluting with water a colourless 
solution will be obtained. On adding ammonia and ammo- 
nium sulphide to this a copious black precipitate is fonned. 
If the vermilionette has l^een made with lead acetate or 
lead nitrate simply on a base of barytes or other white 
pigment, it will be found in this acid solution, but only 
a sligiit black precipitate will be obtained on adding 
ammonia and ammonium sulphide. If barytes has lx»eii used 
in making the sample it will be left behind on treatment with 
acids, and it will tinge the Bunsen flame a yellow -green 
colour. If gypsum has been used then the flame will Ije 
tinted a reddish colour. Sometimes these pigments are made 
with sulphate of lead. In this case the base will Ix' left 
behind on treatment with nitric acid, but will be dissolved 
by boiling with hydrochloric acid. The solution will deposit 
lead chloride on cooling and give a precipitate ' of liarium 
sulphate with barium chloride. If white lea<l or whiting has 
been use<l in making them the sample will eflervesce on treat- 
ment with the acid and lime or lead will Ixj found in the 
solution. If zinc white has Ixjen used then it will Ix^ soluble 
in dilute sulphuric acid, and the solution will give a white 
precipitate on adding ammonia and ammonium sulphide. 

For the principal cosines and their characteristics, .si^e 
Eos i tie. 

* 

VERONA EARTH, VERONA GREEN.— Names given to 
a natural green pigment found near the town of Von ma 
in Italy. It is not used now. 

VICTORIA GREEN.— This name has been given to Bruns- 
wick ;rreen. See Britustrick Green. 
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VICTORIA RED. — This name has been given to a pigment 
made from eosine. It resembles vermilionette in compasition 
and properties. See Verviilionettes. 

VIENNA LAKE. — A name given to crimson lake. See 
OnriDison Lake, 

VIOLET LAKE is a pigment prepared from a coal-tar 
colour, usually by precipitating with tannic acid on a base 
of Imrytes. See Aniline Lakes. 
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WALNUT OIL. — This oil is expressed from the kernels 
of the well-known walnut, the fruit of the tree known to 
botanists as Jwylans retjia. The walnut gives a large pro- 
portion, over 50 per cent., of a clear, bland and sweet oil 
of a pale straw coloui* with a tinge of green. It can readily 
be obtained almost colourless. The specific gravity varies 
from 0*925 to 0927. It l^egins to be turbid at a temperature 
of - 15^ C. and becomes solid at a temperature of - 27*5^ C. 
Strong sulphuric acid causes the evolution of some heat, the 
increase in temperature being about lOT' to lOS"* C. Walnut 
oil absorbs a large proportion of iodine, about 144 per cent. ; 
hence it must contain linolic or linolenic acids in large pro- 
portion. It reijuires 196 per cent, of caustic potash to 
saponify it. 

It is a powerful drying oil, fully e([ual, if not superior, 
to linseed oil. It is chiefiy used by artists, as, on account 
of its freedom from colour, it does not atf'ect the tone of 
delicate tints so much as linseed oil does. Its greater cost 
prevents it from coming into use for house painting. 
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WELD SEED OIL.— The see-is of the dyer's wfLi. Ilfaida 
luteild. yielrl au oil of a dark green colour, rather limpid, with 
a nauseous odour and taste, having a specific gravity of 0"938. 
It possesses fairly good drying properties. The weld iS 
now very raitly ^rown, as the dye it yields has Ijeeii larjfely 
displaced by eoal-tar ealoum ; cunsei |Uentiy the oil iw a rare 
article. 

WHITE LEAD White lead is proltably the most im- 
portant pigment used by the painter. It enters into the 
composition of a great variety of paints, both alone and in 
combination with other pigment*. It pos-sesaes all the pn>- 
perties of a perfect pigment. It has a gooil colour, strong 
colouring powere, great opacity (and, therefore, haa good 
body), and good covering powers, while it works well under 
the liiTLsh. In all these rjHalities it excels nearly all other 
pigments; conBei|Uently it is considered to Ije the type of »■ 
pigment. 

White lead is Uie Imsic carbonate of lead, having a atm- 
position approximating to the formula 2PbC0„, PbHjO,, tliat 
is, it contains two equivalent proportions of lead carbonate 
one er[uivalent of lead hydroxide. White lead is, however; 
not always of a definite composition, but varies somewhat. 
One approximating to the formula given above contains: 

6895 per cent, of lead carbonate, PbCOj. 

3105 per cent, of lead hydroxide, PbH^Oj. 
Or put in another way : — 

86-32 per cent, of lead oxide, PbO. 

11-36 per cent, of carbonio acid, CO^. 
2';i!2 per cent, of water. 



The following are .some ai 
varioUH processes, which show 
from the aljove nonnal stiindt 



ilyses of white lea>l made byM 
that there is some variation^ 
L-d in commercial samples 



Lead monosido HfiSO 8fi'24 83-77 86'35 8S-93 82'81. 
Carbonic acid , 1116 11-68 lo'06 10-46 11'89 14-20. 
Water . . 2-00 1-61 1-01 2-95 2-01 3'00. 

Noa. 1 aiiJ 2 are whitu leads prepared by chamber methods. 
They ait) of good quality. 

No. 'i is a K.remnitz white prepared by precipitation with 
carbonic acid. It is deficieut iu coveriug power owiug. to its 
coiitttining too much lead earbouatc. 

No, 4 is a Dutch proci^BH white lead of English make of 
good ijuality. 

No 5 it a white lead of poor quality prepared by pre- 
cipitation with sixiium carljonate. 

No, 6 is a white lead prepared by GanHner's proceas. This 
JH of excellent quality. 

White lead is made by a variety of processes. The oldest 
aud the one which yielda the best pigment is the so-called 
Dutch or stack proeesB, This consists in building in a bi-ick 
ahed, constructed for the purpose, tiers or layers of speut tan, 
earthenware pots containing acetic acid anfl rolls of sheet lead, 
east plates of lead, boanis. These are alternated iu layers 
until the shed is full, when they are left for three months. 
At the end of this time the metallic lead will have been 
con-otied into white lead, which is then collected and under- 
goes a tinishing pi-ocess. 

White lead is also made by placing plates of lead on shelves 
in a chamber and treating them with cuirenta of air, carlxtnic 
acid gan, acetic acid, steam, etc, in various ways. It is also 
made by precipitating solutions of basic acetate of lead with 
carbonic acid gas or with solutions of alkaline carbonates. 
All these various proces-ses are susceptible of modification 
aud have received such at the hands of many inventors. 

White lead is sold in two forms, (1) a white powder and 
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(2) a paste with linseed oil, the latter being; generally known 
as ijrounii white lead The amount of linseed oil usii&lly 
present in such is 7 to 8 per cent. 

White lead ia a fine white powder, having a specific 
gravity of 6'47 and weij^hing about IHO lb. to the cubic 
foot. Occasionally heavier white leads are met with. 

White load is soluble in dilute nitric acid and in acetic 
acid with eftervescence, due to the liberation of carbonio acid 
gas. Boiled with strong hydrochloric acid white lead dis- 
solves and carbonic acid is evolveil The Rolution on cooling 
deposits small crystals of lead chloride. Sulphuric acid 
decomposes white lead, insoluble leatl sulphate being formed 
Boiled with solutions of cau-stic potash or caustic soda white 
lead dissolves. 

Solutions of white leail in nitric or acetic acids give white 
precipitates of the sulphate with sulphuric acid, of the chloride 
with h,\'drochloric acid, of the hy<lrate with ammonia, and of 
the basic carbonate with alkaline carbonates. Sulphui^tted 
hydrogen throws down a black precipitate of lea-I sulphide. 
Potassium bichromate in neutral solutions throws <)owu a 
yellow precipitate of chrome yellow (lead chi-omate). 

White lead should answer to the following teslw : It ought 
to tif completely soluble in dilute, pure nitric acid. Ou exacUjr 
neutralising this solution with soiia, passing a cui'rent of sul- 
phuretted hylrogen through the solution and filtering otF tJw 
precipitate of lead sulphide which forms, the filtrate ought 
to give no further pi-ecipitate on the addition in succession of 
amuxmia, ammouimn sulphide and ammonium carbonate. 

As H pigment white lead possesses all the good (juoUtiea 
desired by a painter, vis., good colour, sti-oug colouring poware, 
body, covering power and permanency. It is distinguisfaod 
from all other pigments by the ease with which it mixee with 
oil, forming a paint which flows freely from the brush. TTii* 
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feature is generally ascribed to the white lead containinjj 
hydroxide of lead, which possesses basic properties and com- 
bines to a gi-eater or less extent with the oil so as to form a 
kind of varnish in wliich the remaininj^ constituents of the 
white lead are united as of an emulsion. It is for this reason 
that white lead in nsed in the manufacture of so many paint« 
a.i what is known an a " body colour." the ingredient to which 
]>aint owes its tx^fy and covering power. Scarcely any other 
pigment lias this property of funning an intimate union with 
the oil. Mr. J. B. Hannay denies that this union takes place. 
No positive proofs that it does so are available. Am negative 
proofs it may be pointed out that occasionally white lead has 
l>een known iu process of time to lose its opacity and Ijecome 
transparent, due to the increase in the degree of combination 
iietween the oil and the pigment; that solvents like ether 
and petroleum ether do not extract all the oil from grountl 
white lead, especially when the latter has been kept for 
some time. The residual oil must, therefore, be comhitied 
with the lead, as otherwise it wouM lie extracted by the 
solvent. 

When exposed to light and air white lead is permanent. 
If. however, it lie exposed to sulphuretted hyiirogen gas or 
sulphnroua gases it turns brown, a change due to the foi-raation 
of lead sulphide by combination between the sulphur and the 
lead of the paint. This altemtion is more likely to take place 
in towns like London, Manchester and Birmingham, where 
there is much coal burnt, the sulphur in which goes to coti- 
tauiinate the atmosphere of the towns. 

White lead may be mixed with most other pigments. The 
only exceptions are those which (like cadmium yellow, ultra- 
marine, antimony, vermilion) contain sulphur. With these 
there is always a risk of discolouration from the formation of 
lead sulphide. 
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White lead is freiiuently adulterated, the usual adulterant 
being barytea, because this is the only white pigment which is 
cheaper and at the same time approaches white lead in vegaiA 
to relative weight. As a matter of fact this adulteration of 
white lead with harj'tes is a recoffuiHed custom of the white 
lead trade, the makers preparing several brands which they 
distinguish m " genuine," " No. 1," " No. 2," and so on. 
This system is well known to users, who pay a lower price tor 
the adulterated samples than for genuine whitu lead. "Hm 
detection of barytes in white lead is comparatively easy, seeing 
that it IB left aa an insoluble residue on treating the satu^ 
with dilute nitric acid and the i-eaidue gives the i-eactionn for 
barytes (see Burlwn Suljikate). It may be pointed out 
here that strong nitric acid will not dissolve white lead, but 
decomposes it, forming load nitrate, which, being insoluble to 
the acid solution, is precipitated. On diluting with wst«r 
this dissolves and, if the white lead be pnre, a dear solntioti 
will be obtained. OommL-rcial lutric acid often contains snutU 
quantities of sutphiuic acid. Such acid shouhl not lie used, 
as it will not completely dissolve wliite lead, owing to 
formation of some insoluble lead sulphate. 

Ground white lead may be examined in the foUowitig 
manner : Boil a little of the sample with strong nitric Mad, 
Tliis decomposes the white lead, forming lead nitrate, whitft 
the oil is destroyed more or less. On diluting with wnter, 
if the lead be pure, a clear solution will be formed, or at 
a few oily particles will float about. Any barytes which miij 
have been added to it will be left as an insoluble white 
Should it be necessary to ascertain the amount of borytM 
in a sample of either dry or ground white lead weigh out 
2 grammes and boil with nitric acid until the lead 
thoroughly decomposed, then dilute with water, tilttir from 
any insoluble portions, wash well with warm water, than 
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dry it, bum in a wei^^hed crucible and weigh the residual 
barytes. The weight so obtained multiplied by fifty gives 
the percentage of barytes in the sample. 

WHITING. — This pigment is prepared from chalk. Chalk 
is a natural deposit of calcium carbonate, very extensively 
developed in the south-eastern counties of England, where 
it forms what are known as the North and South Downs. It 
is also found in the North of France. It is curious to note 
that chalk is almost unknown in the United States. When 
chalk is examined under the microscope it is seen to consist 
of minute shells, the remains of a group of animals known 
as Foramiiiifera, of which there are many species. These 
form a skeleton of calcium carbonate. They live on the 
surface of the sea. When they die, their shells fall to the 
bottom and there fonn a deposit. In the ancient cretaceous 
seas they occurred in great abundance, and the deposits then 
formed now yield chalk. Whiting is nothing more than the 
chalk ground up and levigated with water. Spanish white 
and Paris white are also prepared from chalk in the same 
way as whiting. They are, however, of finer (|uality. 

Whiting is a dull white powder of an amorphous form, 
soft to the feel, the specific gravity of which is 2*6. It is 
insoluble in water. Most acids dissolve it with effervescence 
and evolution of carlx)nic acid. On this account it is largely 
employed as a source of carbonic acid, especially by aerated 
water manufacturei-s. It consists chiefly of calcium carbonate, 
CaCOa, but it may also contain traces of silica, oxide of iron, 
water, etc. The following analysis shows the composition of 
the whiting usually on the market : — 

Calcium carbonate, CaCOg, 94-79 per cent. 

Silica, SiOo . . . 3-03 

Water .... 2-17 „ 

28 
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When heated to a strong red heat whiting is decomposed, 
carbonic acid is evolved, and a residue of quicklime left 
behind. 

Whiting should answer to the following tests : On 
treatment with dilute hydrochloric acid it ought to almost 
completely dissolve with etfervescence, a slight insoluble 
residue of silica being left. The solution should give no 
precipitate on the addition of ammonia (a faint gelatinoas 
precipitate of alumina is sometimes formed). Ammonium 
sulphide should give no precipitate. On the addition of 
ammonium oxalate to the ammoniacal solution a white pre- 
cipitate of calcium oxalate is obtained. On filtering this 
otf and adding sodium phosphate to the filtrate no further 
precipitate should be obtained. 

The amount of calcium carbonate, whiting, in any pig- 
ment may be ascertained by dissolving it in hydrochloric acid, 
adding a sliijht excess of ammonia and then ammonium 
oxalate and filtering off the precipitate thrown down : the 
precipitate of calcium oxalate is washed with warm water, 
drie<l and burned in a crucible. The burning converts the cal- 
cium oxalate into calcium carbonate, which is then weighe<l. 

As a pigment whiting is mostly used as a body colour 
in distemper work, colouring ceilings, walls, etc., asing water 
as a vehicle. It is not used as an oil coloiu*, for it is subject 
to the defect that when mixed with oil it loses its opacity and 
colour, becoming a greyish yellow in tint. Mixed with about 
18 per cent, of linseed oil it forms the very aseful article 
known as putty. It is (juite permanent when U8e<l as a 
pigment, resisting exposure to all ordinary atmaspherift. 
conditions 

It mixes fairly well with most pigments, the only exi 
tions being those pigments which, like Prussian blue, chr 
yellow, emerald green, are affected by alkaline substa 
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^Vhiting often has an alkaline reaction 'lue to its being 
overheateii in drying. 

A' fine carbonate of Lime is Rometimes obtained aa a 
*J>'e- prod net Id many chemical operations. Such may be 
>ised for painting purpoBen in place of the natural whiting, 
^hile for the making of cement and «omi! other uses the 
artificial has advantages over the uatiiral variety. 

WILKINSON'S BLUE A PriiHsian blue namud after the 

maker. 

WILKINSON'S WHITE LEAD Tbispigment (now out of 

Use) i.s an osychloridc of lead prepared by treating litharge 
with a solution of aalt. It wa.s too irregular in composition 
to be of much service a« a pigment. 

WOOD NAPHTHA This product is obtained in the dis- 

tillatiou of wood. It is a lii^uid of somewhat complex 
composition. The principal ingredient is methyl alcohol, of 
which the proportion varies From 50 to 90 per cent^ There 
is also present acetone, allyl alcohol, furfurol, various ketones, 
etc. It has a M^mewhat unpleasant odour and nauseous 
taste, Iwth of which are due to the impurities present in 
the naphtha. It volatilises on exposure to the air, burns 
with a slightly luminous Same, and mixes with water in 
all proportions. It is a good solvent for resins and gums; 
hence it ia uaed in the preparation of varni.ihes. Its solvent 
properties are somewhat greater than those of ordinary 
alcohol, a fact which may be ascribefl to the presence of 
acetone and one ur two other bodies in small quantities in 
the naphtha. 

When mixed with caustic soda wood naphtha produces 
a dark brown colour. Sulphuric acid gives a red colour and 
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mercuToue nitrate & grey precipitate of mercmy. Norn 
these reactions are {jiven by pm-e methyl or ethyl alcohol 
See also Alcohol, Mrthyl Alcohol, Methylated Spirit, 



YELLOW OCHRE.— A natural pigment of an eart»=^ 

nature, eontaininfj hydrateJ oxide of iron aa the colouri*^ 
principle. See Ochre. 

YELLOW LAKE is usually prepared by makin;/ a decoctii^ 
of Persian berries and precipitating with solution of alum an— 
aoda. It is a combination of the colouring principle of th^ 
berries with alumina. It is not much used because, lik* 
almost all lakes, it has little body, and because it is sam»' 
what deficient in colouring power and fugitive on ex] 
to lii'ht and air. 



ZINC is a very useful metal. It is found in nature in ti» 
form of sulphide as the mineral zinc blende ; also as carbonate 
in the form of calamine. From these minerals it is obtaioetl 
by heating in a furnace with reducing agent.s. Zinc is a 
silvery grey metal, rather brittle at the ordinary temperative. 
but more, elastic and ductile when heated. At a temperatiin 
of 420° C. it melts, and at 1040° C. it boils and becomes ral*. 
tilised. Its vapour is combustible, burning with a pecultM^ 
greeninh dame and forming zinc oxide. The apecific grftn]jyj 
of zinc is 6'K to 7. It is but slightly oxidised when expose^ 
to the air. It is easily soluble ui acids and alkaline solutiooa, 
Ita salts are numerous and useful in many chemical operatiooA. 
With the exception of the chromate, which Ls derived from a 
coloured acid, all zinc salts are white. The oxide is insulable 
in water, as abu) are the sulphide, carbonate, pliosphatv and & 
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tht; twimiou. It is readily soluble in water, forminj,^ a coloiir- 
leKs Huliitiou, and is much used for a variety of purposes, 
wiediciual and otherwise. It should aii.iiwer to the same tests 
*« zinc chloride, except that it should not give a precipitate 
■^vith silver nitrate. With barium chloride it {jfives a white 
pJ^pitate of barium Rulphate. It le usetl in colour making 
'Or the preparation of zinc chrome and zinc green. 

^k ZINC SULPHIDE Thin compound of zinc and sulphur, 

^^■iiich has the I'oi'uiula ZuS, occurs naturally as the mineral 

^^Mnde. It can also be ma<le artiiicially by pi'ecipitatiug solu- 

^^Khs of zinc with alkaline sulphides, when it is tlirown down 

^^fe a white amorphous precipitate. It is soluble in acids with 

tfvolutioii of sulpburetteil hydrogen, and that solution gives 

the tests for zinc as ilescribed above. Zinc -sulphide forms the 

liasis of a few pigments sucli as On-'s zinc white, Charlton 

white, lithophone, etc When used as a pigment it ought to 

be of a good white colour, not jield anything to water on 

being digested with it, should be completely soluble in hj-dro- 

cliloric acid, and the solution should not contain any lime or 

magiie-sia. It is employed in eoloming rubljer on account of 

^ the fact that it is not discoloured by the sulphur with which 

I tile mblter is mixed Comuiereial zinc sulphitle usually con- 

' tains fr'ini 07 to itfS per cent, of the sulphide, the i-eat l)eing 

water. 

ZINC WHITE is one of the most important pigments at 
the disp<KSiil of the [minter. It is manufactured by bui-ning 
the vapow of metallic zinc and colieeting the fumes of oxide 
thus formed in suitable chambers. Zinc white is the oxide of 
zinc, and has a composition con-esponding to the formula ZnO. 
It has a faint bluish-white coloui. It is very bulky. Its 
colouring power is fairly sti-ong, and its covering powers are 
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great, but its boJy i» deficient, owing to its voluminoiiB nature. 
Many attempt* have been made to remedy this defect, the beat 
method being to grind the pigment under an edge runner for 
some time. It mi.teH well with oil, although it takes a large 
proportion, about 2"2 per cent., to form the usual paste colour. 
It works well also with water, and is supplied to water colour 
artists under the name of Chinese white. It is quite per- 
manent when e.Kposed to light aud air, and is not affected 
by sulphuretted hydrogen oi- sulphur compoiiuda It may, 
therefore, be used in places where white lead is not available 
It is largely used for colouring imlia-rubber goods, being one 
of the best bodies which can be so employed When heated 
it tui-ns yellow, but regains its whitenes.s on cooling. 

The chemical properties of zinc white have been given undtf 
Zinr 0.nide. Zinc white is eometime.t adulterateiL The fact of 
such adulteration is easily detected, for pure zinc white should 
dissolve completely in dilute sulphuric acid without any efler- 
veseence. Any adulterant will not completely «iia3olve, or thaw 
may Ije some effervescence. To a-scertain the amount of zinc 
white or oxide of zinc in a. pigment di3.so!ve alwut 2 grammeA 
in sulphuric acid and water, filter ofl' any inwhible portion, 
and add to the solution first ammonia (to render it alkalioe) 
aud then ammonium .sulphide. This will throw down all the 
zinc as white sulphiilo of zinc. Filter this otfand wash wtU 
with water, dry it, then buru it in a crucible when it changes 
to oxide. When burned this is weighed and its weight gives 
the amount of zinc white or zinc oxide present in the samplei 

When a. pigment is sold simply as zinc white the oxide of 
the metal is understood. Sometimes the sulphide and piguienta 
containing it are sold as zinc whiles. See Oi^r's Wliitr, Xinc, 
SiUpkuU: 

ZUMATIC DRIER Under this name haw l)een sold a 

mixture of zinc white and borate of manganese. 
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Comparison of Baum6 Hydrometer and Specific 
Gravity for Liquids Lighter than Water. 

(American Scale.) 



Degrees 
Baam^. 


Specific 
Gravity. 


Degrees 
Baume. 


1 

' Specific 
Gravity. 


Degrees 
Baume. 


Specific 
Gravity. 

0-758 


10 


1000 


33 


' 0-862 


56 


11 


0-993 


34 


0-857 


57 


0-754 


12 


0-986 


35 


1 0-852 


58 


0-750 


13 


0-979 


36 


0-847 


59 


0-746 


U 


0-973 


37 


0-842 


60 


0-742 


16 


0-966 


38 


0-837 


61 


0-738 


16 


0-960 


39 


0-832 


62 


0-735 


17 


0-953 


40 


0-827 


63 


0-731 


18 


0-947 


41 


0-823 


64 


0-727 


19 


0-941 


42 


0-818 


65 


0-724 


20 


0-935 


43 


0-813 


66 


0-720 


21 


0-929 


44 


0-809 


67 


0-716 


22 


0-923 


45 


0-804 


68 


0-713 


23 


0-917 


46 


0-800 


69 


0-709 


24 


0-911 


47 


0-795 


70 


0-706 


25 


0-905 


48 


0-791 


71 


0-702 


26 


0-900 


49 


0-787 


72 


0-699 


27 


0-894 


50 


0-783 


73 


0-696 


28 • 


0-889 


51 


0-778 


74 


0-692 


29 


0-883 


52 


0-776 


75 


0-689 


30 


0-878 


53 


0-770 


76 


0-686 


31 


0-872 


54 


0-766 


77 


0-682 


32 


0-867 


55 


0-762 
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Hydrometer Table for Liquids Heavier than Water 



Degrees 
Baum^. 


Degrees 
TwaddelL 


Specific 
Gravity. 


Degrees 
Baum^. 


Degrees 
TwaddelL 


Specific 
Gravity. 


1 


1-4 


1007 


34 


61-6 


1-308 


2 


2-8 


1014 


35 


640 


1-320 


3 


44 


1022 








4 


5-8 


1029 


36 


66-4 


1-332 




7-4 


1037 


37 


690 


1-345 








38 


71-4 


1-357 


6 

7 


9-0 
10-2 


1045 
1052 


39 
40 


740 
'76-6 


1-370 
1-383 


8 

9 

10 


120 
13-4 
15-0 


1O60 
1067 
1075 


-41 
42 
43 


79-4 

820 
84-8 


1397 
1-410 
1-424 


11 
12 


16*6 
18-2 


1083 
1091 


44 
45 


87-6 
90-6 


1-438 
1-453 


13 
14 
15 


20O 
21-6 
23-2 


1100 
1-108 
1116 


46 
47 
48 


93-6 
96-6 
99-6 


1-468 
1-483 
1-498 


16 
17 


260 
26-8 


1125 
1134 


49 
50 . 


103O 
106O 


1-515 
1-530 


18 
19 
20 


28-4 
30-4 
32-4 


1142 
1152 
1162 


51 
52 
54 


109-2 
112-6 
1160 


1-546 
1-563 
1-580 


21 


34-2 


1171 


55 


1230 


1-615 


22 
23 
24 
25 


36-0 
380 
400 
420 


1180 
1190 
1-200 
1-210 
1-220 


56 
57 
58 
59 
60 


127 O 
130-4 
134-2 
138-2 
1420 


i-6:j5 

1-650 
1-671 
1-691 
1-710 


20 


44-0 










27 


40-2 


1-231 


61 


146-4 


1-732 


28 


48-2 


1-241 


62 


150O 


1-753 


29 


50-4 


1-252 


63 


1550 


1-775 


30 


52-6 


1-263 


64 


1590 


1-795 






1-274 


65 


1640 


1-820 


31 


54-8 


1 








32 


57 


1-285 


66 


168-4 


1-842 


33 


59-4 


1-297 


67 


1730 


1-865 
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To convert Twaddell degrees into actual specific gravity, 
multiply the number of degrees by 5 and prefix !• ; or if the 
degree is below 20, 1-0 ; thus 182° Twaddell is 132 x 5 - 660 » 
1-660 specific gravity, and 13° Twaddell is 13 x 6 = 65 = 1-065 
specific gravity. To reduce actual specific gravity to Twaddell 
degrees, divide the decimal figures by 5 ; thus 1*248 is 248 -r 5 
= 49-6^ Twaddell. 
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Comparison of Temperature Degrees. 


■ 






c 


= Celsius or Centigrade. F = Fulirenheit. 






a 


p. 


C 


F. 


^■ 


F. 


C. 


F. 


c. 


F. 




-n 


+ 1-4 


-t-7 


+ 44-6 


+ 31 


^87-8 


+ 55 


+ 131 


--79 


+ 174-1 




10 


32 


8 


4B-6 


32 


89'C 


56 


132-8 


80 


1-6 




15 




» 


48 '2 


33 


ai'4 


57 


134-6 


81 


177-8 




14 


6-8 


10 


50 


34 


93-2 


58 


136-4 


82 


179-8 




13 


8-C 


11 


51'8 


35 


95 


59 


1382 


83 


181-4 




12 


ll>-4 


12 


53-e 


3C 


!NJ-fl 


GO 


140 


84 


183-2 




11 


12-2 


13 


55-4 


37 


98-6 


111 


141-8 


85 


185 




10 


14 


14 


5T-2 


38 


100'4 


62 


143 -e 


86 


186* 




a 


15« 


Ifi 


59 




1()2'2 


63 


145-4 


87 


188* 




8 


ITti 


le 


GO'8 


40 


104 


64 


147-2 


88 


1904 




T 


ie-4 


17 


C2i) 


41 


ior>'8 


65 


149 


89 


192-a 







212 


18 


04-4 


42 


107 ■« 


66 


150-8 


mt 


1»4 




3 


23 


19 


m-2 


43 


109-4 


67 


152-6 


»1 


195-8 




4 


24-8 


a) 


()8 


44 


111-2 


m 


1644 


93 


197-6 




3 


26B 


21 


l)9-8 


4o 


113 


m 


156-2 


93 


IW^ 




2 


28-4 


22 


71-C 


4B 


1I4.S 


70 


158 


94 


201-S 




1 


30-2 


23 


73-6 


47 


lllJ-li 


71 


169-8 


95 


aoa 




*0 


33 


24 


75-2 


48 


118-4 


72 


161-6 


96 


aM< 




+ 1 


33-8 


25 


77 


49 


120-2 


73 


163-4 


97 


306-6 




2 


35-« 


26 


78-8 


60 


122 


74 


166-2 


98 


208-4 




3 
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27 


liO-rt 


51 


123-8 


75 


167 


m 


210-2 




4 


392 


28 


82-4 


52 


125-6 


7fi 


168-8 


noo 


212 




5 


41 


29 


84 '2 


53 


127-4 


77 


170-6 








6 


42'8 


30 


81) 


r.4 


129-2 


78 


1724 








RULI 
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it Converting Tempekatures from 


ONE 


iCALl 






TO Another. 






(«) 
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onvert Cmtiijrade into Fahretikeit De/jr 


.M— M 


oltiply 
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gree h 


y 9. divide the result by 5 and add 32. 


Fore 


[am[d« 


36" 0. 


into I 


• Frwiing point, t Boiling point 
(364) 
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36° X 9 = 324. 324 ^ 5 = 64-8. 
64-8 + 32 = 96-8'' F. 
In the case of temperatures below the freezing point, 0° of 
the Centigrade scale, the rule is to multiply by 9, divide the result 
by 5, take the difference between the number so obtained and 32 ; 
if it be the larger number add the sign - to the result, if the 
smaller add the sign + . The following examples illustrate these 
rules: — 

(1) - 8** C. to F., and (2) - 40° C. to F. 

(1) 8 X 9 = 72. 72 -r 5 = 14-4. 32 - 14-4 = + 17-6« F. 

(2) 40 X 9 = 360. 360 ^ 5 = 72. 72 - 32 = - 40<' F. 
(b) To Convert Fahrenheit Degrees into Centigrade Degrees. — 

Subtract 32, multiply the result by 5, and divide this second 
result by 9. 

Thus convert 72° F. into C. degrees. 

72 - 32 = 40. 40 X 5 = 200. 200 ^ 9 = 22-2« C. 
When the temperatures are between 32° and 0° F., take the 
difference between 32 and the degree and proceed as before, 
adding a - sign to the result. For example, reduce 24° F. to G. 
degrees : — 

32 - 24 = 8. 8 X 5 = 40. 40 -r- 9 = 44 = - 4-4° F. 
|If below 0^ F., add 32 to the degree, and proceed as before, 
adding a minus sign to the result. For example, reduce - 18° F. 
to C. degrees : — 

18 + 32 = 60. 50 X 5 = 250. 250 ^ 9 == 266. - 266° F. 
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Tables for Converting French Metric Weights and 
Measures into English Weights and Measures. 

A. — Weights. 



French. 




Engli 


sh. 

1 Grains. 


French. 


English. 1 


Grammet). 


Lb. 


Oz. 


Grammes. 


Lb. 


Oi. 


Grain A. 


1 




15-432 


60 




2 


48*908 


2 






30-864 


70 




2i 


93-851 


3 






46-296 


80 




2 


31-319 


4 






61728 


90 




3 


75-362 


o 






77160 


100 




H 


9-930 


6 






92-592 


200 




7 


19-860 


7 






108024 


300 




m 


29-790 


8 




Oi 


14079 


400 




14 


39-720 


9 




^ 


29-511 


500 




14 


49-6o0 


10 




0, 


44-943 


600 




5 


59-580 


20 




o| 


89-886 


700 




8J 


69510 


30 




1 


24-456 


800 




12 


79-440 


40 





li 


70-397 


900 


1 


154 


89-370 


50 


~ 


l| 


4-9()5 


1000 


2 


3 


99-300 



1000 grammes 


- 1 kilo. 




1000 kilos 


= 19 cwt. 2 qrs. 


21 lb. 


1 ton 


=- 1016 kilos. 




1 cwt. 


- 50-80 kilos. 




1 qr. 


= 12-70 kUos. 




lib. 


a 454 grammes. 




1 oz. 


* 28*3 grammes. 





To reduce ounces to grammes, multiply by 2835. 
To reduce grains to grammes, multiply by 0*0648. 

(366) 
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B. — Length. 




French. 


English. 


I millimetre 


= 00393 inch. 


2 


19 


= 00787 „ 


3 


99 


= 0-1181 „ 


4 


»» 


= 01574 „ 





ff 


= 01968 „ 


6 


»f 


= 0-2362 „ 


7 


»» 


= 0-2756 „ 


8 


»> 


= 0-3160 „ 


9 


99 


= 0-3543 „ 


10 


»» 


- 0-3937 „ 


25 


>» 


= 1 inch nearly. 


10 centimetre 


= 4 inch nearly. 


20 




= 7-87 inch. 


30 




= 11-81 inch. 


40 




- 15-74 „ 


60 




= 19-68 „ 


60 




= 23-62 „ 


70 




- 27-56 „ 


80 




= 31-0 „ 


90 




= 35-43 „ 


100 




= 39-37 „ 


1 metre 


= 39-3707 inches. 


1 


»> 


= 3-280 feet. 


1 


>» 


= 1-0936 yai-d. 


1 kilometre 


= 1093-63 yards. 


1 


»» 


- 0-6214 mile. 


Euglish. 


French. 


1 inch 


= 25-39 millimetres. 


1 foot 


^ 30-479 centimetres. 


1 


yard 


= 0-9144 metre. 


1 mile 


= 1*609 kilometres. 



367 



To reduce centimetres to inches, multiply by 0*3937. To 
reduce inches to metres, multiply by 0-0254. To reduce inches to 
centimetres, multiply by 2-54. 
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C. — Capacity. 








French, 


Engliah. 


1 cubic oentimetire (c.o 


1.) » -OGl cubic inches. 


1 






f» 


= 0352 fluid 


oz. 


= ) fluid drs. neariy. 


2 






»> 


= -0704 




_ 2 






3 






• 


= -1156 




= 1 






4 






>f 


- -1408 




= li . 






5 






»» 


= -1760 




--H . 






6 






»> 


- -2112 




= if . 






7 






>f 


= -2464 




= 2 






8 






»» 


= -2816 




= 2* , 






9 






ff 


= -3168 




-2| . 






10 






» 


= -352 




= 3 






28 






»» 


= 1 fluid oz. 


nearly. 


lUtre 




= 35-215 flu 


lid oz. = 1-76 pint. • 


2 litres 




- 70-430 


»» 


= 3-52 , 




3 


»f 




= 105-646 


»» 


= 5-28 , 




4 


»» 




= 140-861 


»» 


- 704 , 




6 


»» 




= 176-077 


>» 


= 8-80 , 




6 


9f 




= 211-292 


») 


= 10-56 , 




7 


f» 




= 246-507 


»» 


= 12-32 , 




8 


»> 




= 281-723 


f» 


= 14-08 , 




9 


}» 




= 316-938 


»» 


= 15-84 , 




10 


>» 




= 352-154 


» 


= 17-60 , 




20 


»> 




= 4 gallons, 


1^ pints. 


30 


»» 




- 6 


4J 


91 


40 


»> 




= 8 „ 


61 


>» 


60 


»> 




= 11 






60 


»» 




= 13 


n 


»» 


70 


»» 




= 15 


^ 


99 


80 


>» 




= 17 „ 


M 


»» 


90 


») 




= 19 „ 


6A 


»» 


100 


»» 






= 22 













French. English. 

1 cubic metre = 35*316 cubic feet. 
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English. French. 

1 cubio inch = 16'd86-cubio oentimetreB. 

1 cubio foot = 28*315 litres. 

1 fluid drachm ==^ 3*55 cubic centimetres. 

1 fluid oz. = 28*39 

1 pint = 567*9 

1 quart == 1*136 litre. 

1 gallon = 4*548 litres. 

To reduce litres to gallons, multiply by 0*22. To reduce pints 
to oubic centimetres, multiply by 567*936. To reduce gallons to 
litres, multiply by 4*548. 
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APPENDIX E. 1 

TaRLE of the Er-EMEST-S, THEIR SYMBOLS, AND ATOMIC J 

Weights. 1 


1 
1 


»..,. 


5 

1 


WaiTh't. 


NMne. 


1 Atoofai. 
1 ^^ 




1. Aluminium 

2. Antimonv - 

3. Arsenic ' 

4. Barium 

5. Beryllium . 

6. Bismuth 

7. Boron 

8. Bromine . 

9. Cadmium . 
la Caesium . 
U. Calcium . 

12. Carbon 

13. Cerium 

14. Chlorine . 

15. Chromium . 

16. Cobalt 

17. Copper 

18. Didymium. 

19. Krhium 
30. Fluorine 

21. Gfillium . 

22. Germanium 

23. Gold . 

24. Hydrogen . 
26. ndium 

26. odine 

27. n.lium . 

28. ron . 

29. Lanthanum 

30. Lead . 

31. Lithium 

32. Magnesium 

33. ManRanese. 

34. Me^cur^■ . 
;i5, Molybdenun 


Al 

Ab 

As 

Ba- 

Be 

Bi 

B 

Br 

Cd 

Ce 

Ca 

C 

Ce 

CI 

Cr 

Co 

Cu 

Di 

Er 

F 

Ga 

Ge 

Au 

H 

In 

I 

Ir 

Fe 

La 

Pb 

Li 

K 


27-1 
120 

75 
137 

91 
208 

11 

SO 
1121 
132-9 

40 

12 
140-2 

35-6 

52-5 

59 

63-3 
147 
160 

19 

68-9 

723 
197-2 

1 
113-7 
127 
193 '2 

5fl 

1385 

207 

7 

24 

56 
200 


36. Nickel 

37. Niobium . 

38. Nitrogen . 

39. Osmium . 

40. Oxygen 

41. Palladium . 

42. Phosphorus 

43. Platinum . 

44. Potassium . 

45. Rhodium . 

46. Rubidium . 

47. Rutlienium 
4«. Samarium . 

50. Selenium . 

51. Silicon 

58. Silver 

63. Sodium . 
54. Strontium . 

66. Tantalum . 
57. Tellurium . 
56. Thallium . 

59. Thorium 

60. Thulium . 

61. Tin . 

62. Titanium . 

63. Tuugston . 
M. Uranium 
*15. Vanadium . 

66. Ytterbium . 

67. Yllrium . 

68. Zinc . 

69. Zii-conium . 


Si 

Kb 
N 
Ob 

Pd 
P 
Pt 
K 
Rh 
Bb 
Bu 
1 Sa 
1 8e 

Sr 

S 

Ta 

Te 

Tl 

Th 

Tu 

6a 

Ti 

W 

U 

V 

Yb 

Y 

Zn 

Zr 


S9 

HT 

U 

isa 
u 

108 
31 
IM-S' 

loa 

864 

1» 

1 

3Sa!l 

vn.'' 


L 


(;-)7U) 
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The figures in thick type refer to the pages where a special paragraph 
dealing with the substance will be fouDci, those in thin type where the 
substance is referred to in another paragraph. 



Abietic acid, 282. 

— anhydride, 282. 
Accroides, 1, 165. 
Acetamide, 1. 
Acetate of ammonia, 1. 

— of soda, 4. 
Acetates, 1. 

— of lead, 2. 
Acetic acid, 4* 1^0, 141. 

assay of, 7. 

specific gravity of, 6. 

Aceto-arsenic of copper, 36. 

— arsenite of copper, 144. 
Acetone, 3, 8, 287, 365. 
Acid blue, 117. 

— colouring matters, 116, 117. 

— green, 117. 
Acidimetry, 9. 
Acid magenta, 117. 

— sodium sulphate, 306. 

— violet, 117. 
Acrldine colours, 114. 

— red, 113. 

— yellow, 114, 115. 
Acrylic acid, 142. 
Aerated waters, 77. 
Air slaked lime, 212. 
Alabaster, 175. 
Albite, 119. 
Albumen, 11. 
Albuminoids, 11. 
Alcohol, 12. 

— specific gravity of, 16. 
Alcoholates, 13. 
Aldehyde, 19. 

— green, 114. 
Alkalimetrical tests, 305. 



' Alkalimetry, 88. 
Alkaline silicate, 298. 
Alizarin, 227. 
Alizarine, 103, 113, 117, 202. 

— blue, 22. 

— lakes, 19. 

— oil, 316. 

— yellow, 113, 202. 
AUyl alcohol, 237, 366. 
Alum, 19. 
Alumina, 297. 

-- hydrate, 21. 

— sulphocyanide, 51. 
Aluminium sulphate, 2L 
Alums, 20. 

Amber, 26. 

— oil, 28, 162. 

— rosin, 281. 
American ochre, 249. 

— petroleum, 255, 363. 

— sienna, 296. 

— turpentine, 328. 

— vermilion, 29, 136, 209. 

— yellow, 28, 103. 
Amido azo dyes. 111. 
Ammonia. 22. 

— acetate of, 1. 
Ammoniacal salts, 23. 
Ammonia-soda alkali, analysis of, 75. 

— process, 73. 

of making soda, 301. 

Ammonium alum, 21. 

— molybdate, 66. 
Amyl, 7. 

— acetate, 24. 

— alcohol, 18, 24. 
Amylene, 286. 
Angelic acid, 142. 
Angola copal, 129. 



^^^^^^^1 


AnUiDo black, 29. 


B. ^^^H 


— blue, Hi, 




- lakes. 29. 


Ball clkv, 106. ^^^^1 
Baltic linaeed oil, 316, !17.'!^^^H 


— yellow, 111. 


AnimeJ black. 30, 57, 323, 


Barilla ash, 7^. ^^^H 


Aaimi. 13. 30, :i79, 380. 


Bnrlum chloride, 40. ^^^H 




-chrome, 40. ^^H 


Anorthite. H9. 


- Bulphate. 41, 310. 314. ^^^M 


Anthracene, IS. 


Barytea, 41, 100, 176, 181, sAP^H 


— brown, 117. 


301. 308, 322, 344, 352. jH 


— jellow, 113. 


Basic colouring matters, 115. H 


\ Anthragallol, 113. 


Basle blue, 114, 116. H 






Antimony, 33, 


specific gravity of liquidl. 361, ■ 


— orange, 34. 35, 311. 


Beeswax, 41, 80. ■ 


— sulphide, 311. 


Behenic acid, 140. ■ 


— vermilion, 34, Si 


Benzene. 43, 316. H26, ■ 


— yellow. 36. 


- sulphouic Bcid, 45. ■ 


AalWerp blue, 35, S7I. 


Bennidine, 112. ■ 


Aiabio, 36. 


— colours, 116. ■ 


- aeid, 169. 


Bcuzini:, 46, ■ 


Arsbine, 169. 


Benzoflavine. 115, 116. ^ 


Arachidiu acid, 140. 


Benzoic acid, 170. ^^^^1 


ATMhiQ, 191. 


Benzoin. 43. 280, ^^^H 


Arnotw. 32. 


Benzol, 43. ^^^H 


Araenate of tin, 325. 


Benxoline, 46, 265. 294, SS^^^^H 


AiMnatee. 36. 


Benzols, 120, ^^^H 


ATBenio, 36, 38. 


Btniopurp urine, 115. ^^^^^| 


— diaulphide. 36, 38, 


Berlin blue, 4T. ^^^M 


— orange, 38. 


Btburate ot soda, 59, ^^^^H 


— oxide, 30, 


Bicarbonate of loda, 74, SCM^^^^I 


— sulphide, 311. 


Bichromate of poUuh, 4?. i^^^^H 


— triBulphide, 36, 38. 


— ot KHia, 49. ^^^^1 


— yellow, 38; 68, 


Bichrome. 47. 267. ^^^^M 


An»niou8 oiide, 36. 38. 


Bismarck brown, 111, llO^^^^^H 


Anenite ol copper, 36, 


Bistrs. 60, ^^^^^H 


Alti6cial smb«r, 38, 


Bisulpbaleof soda,306. ^^^^| 


— aBphaltum, 39. 


Bitumen of Jude». 39. 60l ^^^H 


— ultramarine, 214. 


Bixein. ^^^H 


Ashburtou umber, 339, 


Bixin, 33. ^^^H 


Asphaltum. 39. 


Black antimony, Sft ^^^| 


Atomic weights o( elemenu, 370. 


~ ash. 72, 301. ^^^H 


Ad Kite, 240. 


^ bey gum, 166. ^^H 


Aaramine. 113, 116,303. 


- cochineal, 126, ^^H 


Aarautia, 117. 


— dammar, 135. ^^^^H 


Aureolin, 39. 


-Ukes.61. _:^^H 


AuBtralane, 329. 


— oxide of mangwiDHe. fl^^^^H 


Available chlorine, 53, 


— Sea linseed oU. 316. ^^^^H 


Azines. 114, 


BUnc tiie. 40, 41. 5L ^^^^| 


Azo colours, no, 117. 


Bleached nhellac, 90O. ^^^H 


— dyes proper, 112. 




Asopurpiirine, US. 




Ato scarlet, 202. 


Blue clay, ^^^H 


Aioiy colours, 110, 


— cobalt, 122. ^^^H 


Azure blue, 40. 


— verditer. 63, 61. ^^^H 


AKunne, 114. 


Body of pigmonU. 319. ,^^^H 


Anirite, 40. 


Boiled linseed oil, 215, SAf^^^^B 




^^^^^^^^^^^^^^^1 
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Boiled oil, 53. 
Bone black, 30, 53. 

— brown, 57. 
Boracic acid, 57. 
Boracito, 57. 
Borate of lead, 59. 

— of manganese, 59. 
Borates, 57. 

Borax, 59 .S2C. 
Boric acid, 57. 

— anhydride, 58. 
Boron, 275. 
Boronatrocalcite, 57. 
Brazil wax, 79. 

— wood. 60. 
Brazilcin, 01. 
Braziliu, Gl. 
Bremen blue, 61. 

— green, 61. 
Brighton green. 61. 
Britannia metal, 81. 
Bnlliant green, 114. 208. 

— scarlet, 62. 
British gum, 62. 
Bronzite. 317. 
Brown copperas, 150. 

— oxide, 210. 

— sugar of lead, 2. 
Brunswick blue, 271. 

— green, 63, -231, 319. 
analysis of, Of). 

BuDsenite, 242. 
Burmese lacquer, 66. 
Burning naphtha, 120. 
Burnt sienna, 67, 290. 

— umber, 07, 388. 
Button lac, 07, 199. 
Butyric acid, 140. 

C. 

Cadmium sulphide, 310. 

— yellow, 67, 310, 318. 
Calajninc, 69» 35(>. 
Calcined bone, 68. 

Calcium sulpliate, 175, 810. 314. 
Caledonian white lead, 69. 
Camphene, 329. 
Canarine, 4. 115. 
Canary' dextrine, 02. 
Candle black, 69. 
Cape gum. 107. 
Cappagh brown, 69. 
Capric acid, 140, 141. 
Caproic acid. 140. 
Caprylic acid, 140. 
Carbonate of cobalt, 122. 



Carbonate of lead. 70. 
' — of potash. 71. 
i — of soda, 72. 337. 

' specific gravity of, 70. 

I Carbonates. 77. 

Carbon black, 70. 

Carbonic acid, 77. 

Carmine. 78, 202. 818. 820. 

— lake. 79. 
, — red. 103. 

Camiinic acid, 120. 
Camauba wax, 79. 
Camaubic acid. 141. 
Cassel earth, 80. 
Cassiterite. 325. 
Castor oil, 143, 318. 
Catalysis. 222. 
Caustic potash, 80' 
testing. 90. 

— soda. 83. 

— — solutions, specific gravity of, 
85. 

testing. 90. 

Celestine, 308. 

Centigrade degrees, conversion to 

Fahrenheit. 304. 
Ceresin, 42, 93, 200. 
Cerotate of ceryl, 97. 
Cerotic acid. 42, 43, 79, 141. 
Cerotvl alcohol, 79. 
Cerusite, 207. 
Cenissite, 70. 
Chalk. 353. 
Chanvroelic acid, 177. 
Charcoal black. 94. 
Charlton whit*', 94, 257, 359. 
Chert. 297. 

Chian turpentine, 327. 
China clay, 94. 100. 241, 321. 
Chinese blue, 96, 271. 

— green. 96. 

— lacquer. 96. 

— red, 97, 130. 

— wax, 97. 

— white. 97, 300. 
Chloride of lime. 51. 
Chromatcs. 97- 
Chrome alum. 21. 96. 

— Bordeaux, 117. 

— green, 99, 118. 

— red. 100, 113, 180. 

— orange. 99. 

— violet, 117. 

— yellow, 68. 98, 100, 118, 164, 20% 
209, 319, 820, 336, 354. 

tests, 101. 

Chromic acid, 103. 
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Chromium anhydride, 103. 
— trioxlde, 10-). 
ChryBWoine, 115. 
Chi>-B0idiiio, 111, 116, 
ChrjBoline, 116. 
Citnicic aoid, 1*3. 
Oimoneue. 329 
Cinnftmic; aoid. 170. , ' \J 

Claya, aaalyais of, 107. 
Clayton yellow, 116. 
Coal btackB, lOB. 
Coal-tar toloui^, 109, 315, 

— BolubiUty ai, 118. 

— oaphlha. 119, 242, 933- ,„, 

— _ detecting additions to, 121. 
Cobalt blue, 122, ^IT. 

— carbonate. 122. 

— green. 123, 

— oxide, 123. 

— phosphate, 124. 

— -ultramarine. 22. 
CoCKUB cacti insect, 125. 
Cochineal, LM. 
Cooinic acid, HO, 
Coeruleum. 136. 
Coeruline, 202. 
Colcothar, 127, !«. 1B5. 259. 
Colognoyellow, 103, 127. 

_ earth, 127. 
Colophony, 13V, 881, a28. 
Colouring power of pigments, 3a, 
Colour of pigments. 'i\8. 
Coiuposilion ol cobalt blue, 122. 

carbonate, 122. 

. green, 123. 

phosphate, 124. 

_ ^, ^ _„..,„.._. ,..,7 



Coppcru-, :jl 183,150,185,314. 
Copper oxulo, ISl. 
Cornwall ii(-liri>, 249, 

alone, 132. 
Covering power of pigments, 322. 
Conree, 192. 
Crimson laU-, 132.. 202, 31fl, 323, 



i, 202. 



CrD_.. 

CrotuHK-jLi'l. 14a. 
Crude I.,!,' acid, ,17. 

— borax, 57. 

_ naphtbn, 1S4. 
oil, ai2. 
Crystal carbonate, 74, 302, 303. 

analynia ol, 75. 



Crjatal soda, 74. 

Cumene, 44, 

Curcumin, 326. 

Cvanine, 114. 

C'vanosine, 116. 

I Cylinder lubricating oils, 265. 
I Cyprus umber, 133. 



I Damaluric acid, 142. 

Dammar, 133, IG5. 239. 
I Dark Roman sienna, 296. 

Daturic acid, 140. 
1 Deroerara animi, 13C. 
1 — copal, 131, 136. 
I Derby red, 9S, 136, 205. 209. 
I Derbyshire ochre, 2*8. 
I — umber, 339. 
I Detecting additioDR to 
I naphtha, 121. 



Dial 



e, 332. 



- red, 115. 



1, 115. 



I Diamond voUow, 113. 
. Dibasic acetate of lead, 3, 
' Dihromide, 286. 
I Dihppline 286. 
Dinitro beniene, 45. 

^ benzol, 44. 
' Dioiine. 113, 117. 
Dipentene. 329. 
'Diphe>lvlmet),ane,113, 
I — colours, 113. 
Dippel's oil, 63. 
Direct dyeing azo colours, 112. 
— — colours, 115. 
' Disazo fnlours. 111. 
IDoeglicacid, 142. 
Double nitrite of cohalt and ixitai 



Drying oils, 138. 
Durabilitv of pigments, 323. 
Dutch pink, 144, 202. 



INDEX. 
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£laomargaic acid, 192. 
Elements, atomic weights of, 370. 

— symbols of, 370. 

— table of, 370. 
Elemi, 144. 

Emerald green, 144, 318, 319, 323, 

354. 
English pink, 144, 147. 

— umber, 339. 

— whi te 147 

Bosine, 147, IBl, 202, 287, 344. 

— A., 147. 

— B.N. safrosine, 147. 
-- G.G., 147. 

— G. 116. 

— J., 116, 147. 
Eosiues, 116. 
Epsom salts, 310. 
Erythrine, 116. 
Erythrosine, 117, 147. 

— B., 147. 
Erucic acid, 142. 
Ethereal salts, 12. 
Ethoxides, 13. 
Ethene, 255. 
Ether, 148. 
Ethyl, 7. 

— alcohol, 13, 148. 

— violet, 114. 



F. 



Pahrenlieit degrees, conversion to 

centigrade, 365. 
Eat acids, linolenic series, 143. 

oleic scries, 142, 

ricinolcic series, 143. 

Fatty acids, 140, 148, 
Fehling's solution, 62. 
Felspar, 148, 297. 
Fenchene, 329. 
Ferric oxide, 149, 186. 

— salts, 186. 
Ferricyanide of iron, 327. 
Ferricyanogen, 270. 
Ferrocyanide of titaDium, 325. 
Ferrocyanogen, 270. 
Ferrous oxide, 184. 

— salts, 184, 186. 

— sulphate, 138, 150, 181, 314. 
Finish, 240. 

Fire clays, 105. 
Fir seed oil, 150. 
Flake litharge, 225. 
Flint,. 151, 297. 
Florentine lake, 151, 202. 
Fluorescein, 147. 



Formaldehyde, 237. 
Formic acid, 140, 141, 237. 
Fossil animi, 30. 

— earth, 194. 
Fousel oil, 151. 
Frankfort black, 151. 

Frencli metric measures, conversion 
to English measures, 367. 

weights, conversion to English 

weights, 366. 

— ochre, 249. 

— turpentine, 328. 
Frits, 152. 
Furfurol, 237, .355. 
Fusel oil, 18, 24. 

Q. 

Gaboon copal, 130. 

Gahn's ultramarine, 122, 152. 

Gaidic acid, 142. 

Galena, 211, 308. 

Gallamine blue, 114. 

Galleine, 117. 

Gallocyanine, 114. 

Galloflavine, 11.3, 117, 202. 

Gambine, 118, 117, 202. 

Gamboge, 162, 165. 

Gam bogie acid, 152. 

Garnet lac, 199. 

Gas blacks, 70? 

Gasoline, 164, 265. 

Gelatine, 155. 

Girofie, 114. 

Glacial acetic acid, 7. 

Glauber's salt, 156, 306. 

Glazes, 1J57. 

Glucoside, 97. 

Glue, 156, 157. 

Glycerides, 139. 

Glycerine, 139, 150. 

— specific gravity of, 161. 
Glycerol, 159. 

Glyceryl, 1.39. 
Glycocoll, 156. 
Gold liquid, 162. 
Green cobalt, 1^ 

— copperas, 150. 

— lake, 163. 

— verditer, 163. 
Grey cochineal, 125. 
Griffith's white, 163, 257. 
Guiana gum, 131. 
Guignet's green, 59, 164. 
Gum, 355. 

— acacia, 166. 

— accroides, 1, 165. 



.■••V 



376 



INDEX. 



Gum animi, 30. 

— arabio, 166, 166, 190. 

— benjamin, 169. 

— benzoin, 165, 169. 

— dammar, 24, 133. 

— dragon, 174. 

— elemi, 165, 171, 280. 

— ^hatti, 168. 

— juniper, 290. 

— mastic, 166, 172. 

— of gamboge, 164. 

— sandarach, 24. 

— Benegal, 167. 

— Biris, 168. 

— thus, 166, 173, 280, aai 

— tragacantb, 166, 174. 
Gums, 165. 

Gun cotton, 24. 
Gurgun, 162. 
Gutta-percha, 166. 

Gypsum, 100, 174, 214, 269, 278, 308, 
321, 322, 837, 344. 



Hsematite, 149. 

Hsmatozylin, 51. 

Hartley- Blenkinsop process of boiling 

linseed oil, 223. 
Heavy naphtha, 46. 
Hempseed oil, 139, 177. 
Heptane, 294. 
Heptene, 294. 
Heptine, 286. 
Hexane, 294. 
Hezdecone, 255. 
Hexene, 294. 
Hexylenc, 286. 
Hofmann's violet, 114. 
Hornblende, 240. 
Hue of pigments, 318, 319. 
Hyo'nic acid, 141. 
Hydrazine colours, UQ, 
Hydrochloric acid, 178. 

fipecific gravity of, 179. 

Hydrometer table for liquids heavier 
than water, 362. 

— Baum<^, 361. 
H^'pogeeic acid, 142. 



I. 



Imperial reds, 117, 148. 

— red, 181, 346. 

Indian linseed oil, 216, 217. 

— red, 149, 160, 181, 188, 186, 209, 

261, 323, 341. 



Indian yellow, 183. 
India-rubber, 166. 
Indigo, 315. 
Indophenol, 114. 
Induline, 116. 
Insect wax, 97. 
Iodoform, 8. 
Irish ochre, 248. 
Iron, 183, 217. 

— alum, 21. 

— reds, 186. 

— scales, 187. 

— oxides, 184. 
Isinglass, 166. 
Isoacetic acid, 140. 
Iso-amyl alcohol, 24. 
Isolinolenic acid, 143. 
Isomeric amyl alcohol, 24. 
Isoricinoleic acid, 143. 
Italian pink, 144. 

Ivory black, 187. 

!J. 

Japanese lacquer, 66, 188. 

— wood oil, 191. 
Japan wax, 190. 
Jecoric acid, 143. 

K. 

Kaolin, 95, 132, 149, 192. 

Kauri, 13, 166, 192, 280. 

Kerosene, 265. 

Ketones, 355. 

Kieselguhr, 194, 297. 

King's yellow, 37, 38, 196, 311. 



Labradoiite, 149. 

Lac, 195. 

— dye, 198, 201. 
Laevo-piuene, 330. 

— terpene, 332. 
Lakes, 201. 

Lamp black, 57, 203, 341. 
Lapis lazuli, 334. 
Laurie acid, 140. 

Lead, 205. 

— acetate, 7, 138. 

— acetates of, 3, 

— black, 207, 212. 

— bloom, 41. 

— borate, 138, 207. 

— carbonate, 207. 

— chromate, 208. 
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liead oxides, 210, 225. 

— Ditrate, 209. 

— resinate, 138. 

— sulphate, 210, 310, 314, 332. 

— sulphide, 211. 
Leaf gum, 174. 

Leblanc process of soda making, 

178, 301. 
Liemon chrome, 40. 
Lieucise, 156. 
Light Daphtha, 46. 

— Roman sienna, 296. 
Lignoceric acid, 141. 
Lime; 212, 297. 

— blue, 212, 213, 337. 

— felspar, 149. 

— soda felspar, 149. 

— water, 213. 
Limonite, 149, 214. 
Linoleic acid, 219, 347. 
Linolenic acid, 143, 178, 220. 

— series of fat acids, 143. 
Linolic acid, 178, 220, 347. 
Liinoxyn, 218. 

Linseed oil, 139, 215, 315. 

tests for, 220. 

Liquor ammonia, 22. 

Hpecific gravity of, 22. 

Litharge, 138, 206, 210, 225. 
Lithophone, 226, 257, 359. 
Loango copal, 130. 
Locust gum, 131. 
Lokain, 97. 
Lokanic acid, 97. 
Lokao, 96, 226. 
Lokaonic acid, 97. 
Lokaose, 97. 
Lubricating oils, 265. 

M. 

Madder, 226. 

— lake, 227. 
^lagd&la red, 114. 
Magenta, 114, 116, 203. 

Magnesia, 227, ^'^• 

— alba, 229. 

. Magnesite, 229. 
Magnesium, 2ZB. 

— sulphate, 310, 314. 
Malachite, 230. 

— green, 114. 
Manganese, 231. 

— acetate, 231. 

— alum, ^. 

— black, 231. 

^ borate, 138, 232. 



72, 



Manganese brown, 232. 

— compounds, reaction of, 282. 

— dioxide, 233. 

— green, 234. 

— linoleate, 138, 284. 

— oxalate, 138, 234. 

— oxide, 138. 

— resinate, 188. 

— sulphate, 138, 235. 
Manila copal, 235, 279. 

— gum elemi, 171. 
Marls, 107. 

Marsh's test for arsenic, 37. 

for emerald green, 146. 

Mastic, 236. 
Megilp, 173. 
Melanin, 292. 
Meldola's blue, 114. 
Melissic acid, 141. 
Menhaden oil, 139, 236. 
Mercury sulphide, 310. 
Meringic acid, 142. 
Metabolic acid, 58. 
Metastannic acid, 325. 
Methyl alcohol, 237, 355. 

— green, 116. 

— violet, 116. 
Methylated ether, 148. 

— spirit, 17, 238. 
Methylene blue, 114. 
Mexican dragon's blood, 136. 

— elemi, 171. 
Mica, 240. 
Micas, 297. 
Mikado orange, 110. 
Milk of lime, 218. 

Miller's test for methylated spirit, 

17. 
Millon's reagent, 11. 
Mineral green, 39, 241. 

— white, 175, 241. 
Mirbane, 44. 

' Mitis blue, 271. 
I Monamine, 111. 
I Monoazo dyes, 110. 

Montpelier yellow, 241. 

Mordant dyeing azo colours, 112. 
colouring matters, 117. 

Mountain blue, 40, 242. 

— green, 241. 
Muriatic acid, 178. 
Muscarine, 114. 
Muscovite, 240. 
Myricin, 42, 43. 
Myricyl alcohol, 79, 80. 

*- palmitate, 42. 
Myristic acid, 140. 
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N. 

Naphtha, 120, 242, 266. 
Naphthenes, 265. 
Naphthol, 315. 

— green B., 113. 

— yellow, 110, 117. 
Naples yellow, 34, 242. 
Natural Indian red, 181. 
Neutral blue, 114. 

— silicate, 298. 
New grey, 115. 
Nickel oxide, 242. 
Niger seed oil, 243. 
Nigrosine, 115, 116. 
Nile blue, 116. 
Nitre cake, 306. 
Nitric acid, 244. 

specific gravity of, 244. 

Nitro-benzene, 45. 

— benzol, 44. 

— colours, 109 117. 

— cumene, 120. 

— xylene, 120. 
Nitroso colours, 113. 
Nonane, 294. 
Nonene, 294. 

Non-poisonous white lead, 245. 
Normal amyl alcohol, 24. 

— lead acetate, 2. 



0. 



Ochre, analysis of, 251. 

Ochres. 181, laS, 214, 247, 295, 318. 

Octane, 294. 

Octene, 294. 

CBnanthylic acid, 140. 

Oil of bergamot, 329. 

— of camphor, 329. 

— of lemon, 829. 

— of orange, 329. 

— of vitriol, 311. 
Oils. 254. 
Olefines, 255. 
Oleic acid, 142, 192. 

— series of fat acids, 142. 
Olciue oil, 315. 
Oligoclase, 149. 

Olive oil, 139. 
Opal blue, 110. 
Orange lake, 255. 

— lead, 1«1,255, 344. 
Orpiment, 36, 38. 

Orr's white, 51, 1G4, 257, 322, 359. 

— — analysis of, 258. 
Orthoboric acid, 58. 



Orthoclase, 149. 
Oxazines, 114. 
Oxford ochre, 248. 
Oxide of cobalt, 123. 

— reds, 183, 186, 259, 818. 
Oxidised linseed oil, 218. 
Oxyketone colours, 113. 
Oxyphenine, 115. 
Ozokerit, 42, 93, 260. 

P. 

Palmitate of glyceryl, 191. 
Palmitic acid, 140, 191, 219. 
Palm oil, 139. 
Paraffin, 261. 

— oil, 261. 

— shale, 261. 

— wax, 42, 2iS2, 265. 
Paraffins, 263. 
Paris blue, 264, 271. 

— green, 145, 264. 

— violet, 114, 116. 

— white, 264, 353. 
Paste blue, 271, 272. 
Patent driers, 264. 

- turpentine, 334. 

— white lead, 211. 

— yeUow, 264. 
Pattinson's white lecid, 264. 
Phellandrene, 329. 
Phenol-phthalein, 7. 
Phenyl brown, 115. 
Pliloxine, 116, 147. 

— T., 147. 
Pliosphate of cobalt, 124. 

— of soda, 266. 
Phospliine, 115, 116. 
Physotoleic acid, 142. 
Pearlash, 71. 
Pebble copal, 129. 
Pelargonic acid, 140. 
Penang dammar, 134. 
Pennsylvania sienna, 295. 
Permanence of pigments, 323. 
Persian red, 209, 264. 
Petroleum, 265. 

— naphtha, 242, 266. 

— spirit, 266. 287, 333, 334. 
Picked turkey arable, 166. 
Picric acid, 110, 117, 166. 
Pinene, 129, 329, 330. 
Pinic acid, 282. 
Pipe clay, 266. 

Plaster of Paris, 175, 176, 260. 
^ (plastic clay, 106. 
/r Poppy seed oil, 139, 266. 
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Post office red, 345. 
Potash, 71, 72, 297. 

— felspar, 149. 

— testing, 89. 
Potassium, 266. 

— alum, 21. 

— bichromate, 287. 

— ferricyanide, 267. 

— ferrocyanide, 30, 268. 

— hydroxide, 80, 268. 

— nitrate, 269. 
Potter's lead ore, 269. 
Pottery clays, 106. 
Powder litharge, 225. 
Primuline, 115. 
Proof spirit, 14. 

Properties of carminic acid, 126. 
Prune, 114. 
Prussian black, 270. 

— blue, 150, 164, 188, 186, 267, 

270, 301, 320, 321, 323, 327, 
Prusbiate black, 273. 

— char, 30. 
Prussiates of potash, 273. 
Pyroboric acid, 58. 
Pyroligneous ewjid, 2, 6. 
Pyrolusite, 233. 
Pyronine, 113. 
Pyroterebic acid, 142. 
Pyroxlin, 24. 

Pumice, 274. 

Purple of Cassius, 276. 

— oxide, 275. 
Purpurin, 227. 
Putty powder, 325. 



Q. 

Quartz, 276. 
Quicklime, 212. 
Quinoline colours, 114. 
— yellow, 114, 116. 



B. 

Kape oil, 143. 

Rapic acid, 143. 

Kaw linseed oil, 215, 321, 323. 

— sienna, 277, 296. 

— umber, 277, 338. 
Realgar, 30, 38, 277. 
Recent animi, 30, 32. 
Rectified spirit, 17. 
Red accroides, 166. 

— angola copal, 129. 



268, 
354. 



Red lake, 277. 

— lead, 138, 206, 206, 210, 277, 318. 
analysis of, 278. 

— ochre, 279. 

— oxide, 279. 

— prussiate, 274. 
Refined alkali, 73, 302, 303. 
Resin, 152, 326, 328. 
Resins, 279, 355. 
Resorcine green, 113. 

Reynold's test for methylated spirit, 

17. 
Ricinoleic acid, 143. 

— series of fat acids, 143. 
Rinman's green, 280, 123. 
Rhodamine, 116. 

Rock dammar, 134. 
Rosaniline colours, 113. 
Rose bengale, 117, 147. 

— madder, 281. 

— pink, 202, 281. 

Rosin, 165, 239, 281, 324, 328. 

— oil, 283. 

— spirit, 285, 294, 333, 334. 
Rouge, 149, 150, 185, 259, 287. 
Royal reds, 29, 117. 148, 181,287, 345. 

— yellow, 288. 
Ruben's brown, 288. 
Russian turpentine, 328. 



S. 



Safraniue, 114, 116. 
Safrosine, 116. 
Sal dammar, 135. 

— soda, 73. 
Salt, 288. 

— cake, 301, 306. 
Sandarac, 13, 165, 171, 239, 289. 
♦♦ Sauitas," 333. 

Sap green, 290* 
Satin spar, 175. 

— white, 177, 290- 
Sativic acid, 220. 
Scarlet red, 186, 291. 
Schecle's green, 36, 39, 144, 291- 
Schweinfurth green, 146, 291. 
Scoffem's white, 292. 

Scotch fir seed oil, 139, 292. 

— shale, 242, 255, 293. 
Seed-lac, 198, 292. 
Selenite, 175. 

Sepia, 292. 

Sesquibasic acetate of lead, 3* 
Sesqtiicarbonate of soda, 74, 302, 308. 
Shade of pigments, 319. 



Shale Qftphthft, 47. 242, 2ST 


293,383, 


Stick lac, 197, 200. 




884. 




Strontium sulphate, 310, 314, 




- spirit. 293. 




- white, 308. 




Shellac, 19, 1G6. 171. 198, 


279, 280, 


Spanish white, 308, 353. 




294. 




^i,. ■ , ■ ,,-,-.nint 


Twad 


Shelly cortiineal.IJfi. 








Siam benzom gum. 170. 








Siccatives. 294. 




S[.irllsD(salt,72, 178. 




Sienna. -214,284. 




Spirit of lurpuutiiie, 328. 




Sien* Loon.- coi«l, 129,134 




- of ^^■ine, 12. 




Sigaal red, 346. 
SlRw, 296. 




Suakini gum. 1B7. 
Sublimed white lead, 308. 








Silicate of polash, 299. 








- of soda. 289, 29a 




Sugar. 316. 




Silver cochineal, 126. ~ 




— ot lead. 2. 308, 




Singapore dainmar. IBS. 
Slaked lime, 312. 




Sulphate of BBnuiii, 41. 






Sulphate of strontium, 30R. 




Smatt, 297. 








BmalU, 299. 




Sulphate ultramanno, 886. 




Soaps, 141. 




Sulphites, 316. 




Sobrerol, »», 




Sulphonic acids, 315, 




Bocotmn dragon's Wood, 187 




Sulphur, 310. 




Soda, 72. 297. 




-dioxide. 811, 316. 




— acetate of. 4. 




— trioitide.Sll. 




- ash. 73, 302. 
analvsiB oi, 74. 




Sulphuric add, 311. 






spei'i&e gravity of. 312. 




testing. 39. 




ether lifi. 




— crystals, 73, 802, 308, 




Sulphurous acid. 315. 




analysis of, 74. 




iiumritro henzoiii. 170. 




— Eeispar. 149. 




Sun yellow, 110. 




— limu felspar, 149. 




Sylvic acid, 282, 




— ultramarine, 335. 




Sylveslrenc, 329, 330, 




Sodium alum, 21. 




Symbols of elements. 370, 




— borate, .%C. 








— carbonate, 239. 3(0. 










T. 




— cliloride. 300. 




Tannic acid, 111. 113, 114. 




- dimetnlcrale, 69. 




TaDDio, 169. 




- LvdroNi.i.., ^3. 306, 




- blacks, 317. 




— plioaphiiif, 307. 




Tartaric acid. 315, 




- auipli^f, liS, 306, 310. 


SI 4. 


Tartrazine, 110, 




Solabilitv..f'..„il-lftr colours 


118. 


Temperature degrees, rompariion of 


Soluble blue, lit., 271,301, 




364. 




glus. 5;'K. 




conversion of, 364. 




Solvent liaplitha, 44, 120. 




Terebeiithene, 829. 




South Aualraliai) oehre. 249 




Terebine, 332. 






c acid for 


Terpene 129 




all(alin]>^lr>- S9. 




Terpen es. 328. 




Stannatei. 326. 




Terpineoe, Ha9. 




Btwinic oxide, 325. 








StftMh. 316. :12T. 




Teria alba, 176, 316. 




Stearic acid. 42. 43. 140, 219 




v,-rte, 316. 




~ series of Cat acidx. 140. 




T,n,. Y,-ri.., :I16, 




Stearin, 191. 




T>-^Li„^l„w.M'.. 1^,317. 




Steatite, 397. 




T>-~lH(.,r,-Ml.„lroiide, 124. 




Steel blue. 271. 




Tetraki.sazo i:olours. 111, 
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Tetrazo colours, 111. 
Tetrolic acid, 220. 
Thenard's blue, 122, 324. 
Thiazines, 114. 
Thioarsenate of soda, 88. 
Thiobenzene colours, 115. 
Thioflavine, 115. 

— T., 116. 
Thus, 324. 
Tincal, 57. 
Tin oxide, 325. 

— stone, 325. 

Tint of pigments, 319. 
Titanium, 275. 

— green, 325. 

— oxide, 108. 
Titan scarlet, 115. 

— yellow, 115. 
Titration, 10. 
Tobacco seed oil, 139. 
Tolidine, 112. 
Toluene, 44. 
Toluidine, 29. 
Toluol, 44. 
Tragacanth, 325. 
Triazo colours, 111. 
Tribasic acetate of lead, 3. 
Trisulphide of arsenic, 195. 
True copals, 130. 
Turkey red, 186, 259, 325. 

— umber, 133, 338, 339. 
Turmeric, 325. 
Turmerine, 115. 
Tumbull's blue, 186, 267, 327. 
Turner's yellow, 264, 327. 
Turpenteen, 334. 
Turpentine, 173, 225, 281, 286, 

324, 327. 

— substitutes, 334. 
Turpentyne, 334. 
Turps, 328. 

Twaddell degrees, conversion 

specific gravity, 363. 
Type metal, 34. 



U. 

Ultramarine, 297, 323, 334. 

— analysis of, 337. 

— green, 338. 

- red, 338. 

- violet, 338. 
Ultramarines, 318, 320. 
Umbers, 214, 338. 
Under clays, 106. 
Unsaponifiable oils, 255. 



Uranium, 275. 
Urushic acid, 190. 



294, 



into 



Vandyke brown, 340. 

Vfliseline, 265. 

Vat waste, 302. 

Vegetable black, 341. 

Venetian red, 183, 186, 251, 259, 342. 

Venice turpentine, 327.' 

Verdigris, 7, 342. 

Verditer, 342. 

Vermicelli gum, 174. 

VermUion, 310, 318, 319, 343. 

Vermilionettes, 29, 117, 148, 819, 320, 

344. 
Verona earth, 316, 346. 

— green, 826, 346. 
Victoria blue, 114, 203. 

— green, 346. 

— red, 345, 347. 

— yellow, 110. 
Vienna lake, 347. 
Violet lake, 347. 
Virgin animi, 30, 32. 

— resin, 281. 



W. 



Walnut oil, 139, 347. 
Water glass, 298. 
Wattle gums, 168. 
Weldon mud, 234. 
Weld seed oil, 139, 348. 
Welsh ochre, 248. 
White arsenic, 36, 38 

— dextrine, 62. 

— lead, 7, 70, 205, 225, 318, 322, 336, 

— sennaar arable, 166. 

— sugar of 'lead, 2. 
Whiting, 337, 353. 
Wilkinson's blue, 355. 

— white lead, 355. 
Window glass rosin, 281. 
Witherite, 40. 

Wood naphtha, 8, 242, 355. 

— spirit, 8. 



X. 



Xanthorrhea resin, 165. 
Xylene, 44. 
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Y. 



Yellow accroides, 166. 

— Cologne, 127. 

— dextrine, 62. 

— lake, 823, 356. 

— oohre, 323, 356. 

— prussiate of potash, 30, 268, 274. 



Z. 

Zino,356. 

— blende, 356. 

— chloride, 367. 

— chrome, 68, 98, 358. 

— green, 123, 358. 

— oxide, 138, 226, 318, 358. 

— sulphate, 138, 358. 

— sulphide, 311, 858. 

— white, 311, 322, 359. 
Zumatic drier, 360. 
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